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COMPOSITIONS AND METHODS FOR PREVENTING AND TREATING CORONAVIRUS 
INFECTION - SARS-COV-2 VACCINES 


INTRODUCTION 
The invention relates to the fields of virology and medicine. In particular, the invention relates to 


vaccines for the prevention of disease induced by SARS-Cov-2. 


CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Application No. 62/969,008, filed January 31, 
2020; U.S. Provisional Application No. 62/994,630, filed March 25, 2020; U.S. Provisional 
Application No. 63/014,467, filed April 23, 2020; U.S. Provisional Application No. 63/025,782, 
filed May 15, 2020; U.S. Provisional Application No. 62/705,187, filed June 15, 2020; U.S. 
Provisional Application No. 62/705,308, filed June 21, 2020; U.S. Provisional Application No. 
63/043,090, filed June 23, 2020; U.S Provisional Application No. 62/706,366, filed August 12, 
2020; U.S. Provisional Application No. 63/066,147, filed August 14, 2020; U.S. Provisional 
Application No. 62/706,676, filed September 2, 2020; U.S. Provisional Application No. 
62/706,937, filed September 18, 2020; U.S. Provisional Application No. 62/706,958, filed 
September 21, 2020; U.S. Provisional Application No. 63/198,089, filed September 28, 2020; 
U.S. Provisional Application No. 63/198,306, filed October 9, 2020; U.S. Provisional Application 
No. 63/112,900, filed on November 12, 2020; Canadian Patent Application No. 3,101,131, filed 
November 28, 2020; U.S. Provisional Application No. 63/121,482, filed December 4, 2020; U.S. 
Provisional Application No. 63/133,969, filed January 5, 2021; U.S. Provisional Application No. 
63/135,182, filed January 8, 2021; U.S. Provisional Application No. 63/141,913, filed January 
26, 2021; U.S. Provisional Application No. 63/142,977, filed January 28, 2021. Each disclosure 


is incorporated by reference in its entirety. 


SEQUENCE LISTING 

The instant application contains a Sequence Listing which has been submitted electronically in 
ASCII format and is hereby incorporated by reference in its entirety. The ASCII copy, created 
on January 29, 2021, is named CRU6043WOPCT and is 1.36 MB in size. 


STATEMENT AS TO FEDERALLY FUNDED RESEARCH 
This invention was made with Government support under Agreement HHSO100201700018C, 


awarded by HHS. The Government has certain rights in the invention. 
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BACKGROUND 

SARS-CovV-2 is a coronavirus that was first discovered late 2019 in the Wuhan region in China. 
SARS-CovV-2 is a beta-coronavirus, like MERS-Cov and SARS-CovV, all of which have their 
origin in bats. There are currently several sequences available from several patients from the 
U.S., China and other countries, suggesting a likely single, recent emergence of this virus from 
an animal reservoir. The name of this disease caused by the virus is coronavirus disease 2019, 
abbreviated as COVID-19. Symptoms of COVID-19 range from mild symptoms to severe illness 
and death for confirmed COVID-19 cases. 

As indicated above, SARS-Cov-2 has strong genetic similarity to bat coronaviruses, from which 
it likely originated, although an intermediate reservoir host such as a pangolin is thought to be 
involved. From a taxonomic perspective SARS-CovV-2 is classified as a strain of the severe 
acute respiratory syndrome (SARS)-related coronavirus species. 

Coronaviruses are enveloped RNA viruses. The major surface protein is the large, trimeric spike 
glycoprotein (S) that mediates binding to host cell receptors as well as fusion of viral and host 
cell membranes. The S protein is composed of an N-terminal S1 subunit and a C-terminal S2 
subunit, responsible for receptor binding and membrane fusion, respectively. Recent cryo-EM 
reconstructions of the Cov trimeric S structures of alpha-, beta-, and deltacoronaviruses 
revealed that the S1 subunit comprises two distinct domains: an N-terminal domain (S1 NTD) 
and a receptor-binding domain (S1 RBD). SARS-CovV-2 makes use of its S1 RBD to bind to 
human angiotensin-converting enzyme 2 (ACE2). 

The rapid expansion of the COVID-19 pandemic has made the development of a SARS-Cov-2 
vaccine a global health priority. Since the novel SARS-Cov-2 virus was first observed in 
humans in late 2019, over 8 million people have been infected and hundreds of thousands have 
died as a result of COVID-19. SARS-CovV-2, and coronaviruses more generally, lack effective 
treatment, leading to a large unmet medical need. In addition, there is currently no vaccine 
available to prevent coronavirus induced disease (COVID-19). The best way to prevent iliness 
currently is to avoid being exposed to this virus. Since emerging infectious diseases, such as 
COVID-19 present a major threat to public health there is an urgent need for novel vaccines that 
can be used to prevent coronavirus induced respiratory disease. 

Wuhan coronavirus (2019-nCovV; also referred to as SARS-Cov-2) is a coronavirus that is 
responsible for an unprecedented current epidemic in China. 2019-nCovV is known to cause 


respiratory symptoms and fever, which may result in death. 


10 


15 


20 


25 


30 


WO 2021/155323 PCT/US2021/015946 


The World Health Organization declared the 2019-nCovV outbreak a Public Health Emergency of 
International Concern on January 30, 2020 and has confirmed over 11,000 cases in 16 
countries. While the rapid development of a safe and effective 2019-nCov vaccine is a global 
health priority, very little is currently known about 2019-nCoV immunology and mechanisms of 
immune protection. 


Accordingly, there is an unmet need in the field for 2019-nCov therapies. 


SUMMARY OF THE INVENTION 
In the research that led to the present invention certain stabilized SARS-Cov-2 S proteins were 
constructed that were demonstrated to be useful as immunogens for inducing a protective 
immune response against SARS-Cov-2. 
The invention provides an isolated nucleic acid molecule comprising a nucleotide sequence that 
encodes a 2019-NCOV Spike (S) protein (also referred to as SARS-Cov-2 S protein herein) 
comprising the following modifications to the full-length amino acid sequence of SEQ ID NO: 29: 

a. stabilising mutations to proline at amino acids 986 and 987; and 

b. mutations to the furin cleavage site (SEQ ID NO: 90). 
In some embodiments, these are the only modifications made to the sequence of SEQ ID NO: 
29. In other embodiments, the isolated nucleic acid molecule encodes a 2019-NCOV Spike (S) 
protein that comprises the following further modification to the full-length amino acid segquence 
of SEQ ID NO: 29: 

C. deletion of the signal sequence. 
In some embodiments, the nucleic acid encoding the 2019-NCOV Spike (S) protein is operably 
linked to a cytomegalovirus (SEQ ID NO: 219) promoter, preferably the CMV immediate early 
promoter. In some embodiments, the nucleic acid encoding the 2019-NCOV Spike (S) protein 
is operably linked to a cytomegalovirus (CMV) promoter comprising at least one tetracycline 
operator (TetO) motif. In specific embodiments, the CMV promoter comprising at least one 
TetO motif comprises a nucleotide sequence of SEQ ID NO: 219. In some embodiments, the 
CMV promotor consists of the nucleotide sequence of SEQ ID NO: 219. These nucleic acids 
typically form part of a vector. 
In one aspect, the present invention thus relates to isolated and/or recombinant nucleic acids 
encoding a stabilized coronavirus S protein, in particular a SARS-CovV-2 S protein, said nucleic 
acids comprising a nucleotide sequence selected from the group consisting of SEQ ID NO: 211- 


218, or fragments thereof. 
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In a preferred embodiment, the present invention relates to an isolated and/or recombinant 
nucleic acid encoding a stabilized coronavirus S protein, in particular a SARS-Cov-2 S protein, 
said nucleic acid comprising a nucleotide of SEQ ID NO: 211, or fragments thereof. 
The invention provides an isolated 2019-NCOV Spike (S) protein (also referred to as SARS- 
CoV-2 S protein herein) comprising the following modifications to the full-length amino acid 
sequence of SEQ ID NO: 29: 

a. stabilising mutations to proline at amino acids 986 and 987; and 

b. mutations to the furin cleavage site (SEQ ID NO: 90). 
In some embodiments, these are the only modifications made to the sequence of SEQ ID NO: 
29. In other embodiments the isolated 2019-NCOV Spike (S) protein comprises the following 
further modification to the full-length amino acid sequence of SEQ ID NO: 29: 

C. deletion of the signal sequence. 
In another aspect the invention relates to isolated and/or recombinant coronavirus S proteins 
comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 205-210, 
or fragments thereof, as well as to nucleic acids encoding such coronavirus S proteins, or 
fragments thereof. 
In a preferred embodiment, the invention relates to an isolated and/or recombinant coronavirus 
S proteins comprising an amino acid sequence of SEQ ID NO: 205, or fragments thereof, as 
well as to nucleic acids encoding such coronavirus S proteins, or fragments thereof. 
In yet another aspect, the invention relates to vectors comprising such nucleic acids. In certain 
embodiments, the vector is a recombinant human adenovirus of serotype 26. 
In another aspect, the invention relates to compositions and vaccines comprising such nucleic 
acids, proteins and/or vectors. 
In another aspect, the invention relates to methods for vaccinating a subject against COVID-19, 
the method comprising administering to the subject a vaccine or composition according to the 
invention. 
In another aspect, the invention relates to an isolated host cell comprising a recombinant human 
adenovirus of serotype 26 comprising nucleic acid encoding a SARS-Cov-2 S protein or 
fragment thereof. 
In another aspect, the invention relates to methods for making a vaccine against COVID-19, 
comprising providing a recombinant human adenovirus of serotype 26 that comprises nucleic 
acid encoding a SARS-Cov-2 S protein or fragment thereof, propagating said recombinant 
adenovirus in a culture of host cells, isolating and purifying the recombinant adenovirus, and 


formulating the recombinant adenovirus in a pharmaceutically acceptable composition. The 
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recombinant human adenovirus of this aspect may be any of the adenoviruses described 
herein. 

In another aspect, the invention relates to an isolated recombinant nucleic acid that forms the 
genome of a recombinant human adenovirus of serotype 26 that comprises a nucleic acid 
encoding a SARS-Cov-2 S protein or fragment thereof. The adenovirus may also be any of the 
adenoviruses as described in the embodiments above. 

The invention also relates to a composition for use in prevention of moleculariy confirmed, 
moderate to severe/critical COVID-19 in a subject in need thereof, comprising administering to 
the subject a composition or immunogenic composition of the invention as described herein, 
wherein the composition is administered at a dose of 5x1010 vp per dose in a one dose regimen 
(i.e. a single dose). 

The present invention features optimized and/or non-naturally occurring coronavirus (e.g., 2019- 
nCoV) nucleic acid molecules and polypeptides for the generation of DNA or RNA vaccines, 
antibodies, and immunogenic compositions and their use in methods of preventing, reducing 
and/or treating a coronavirus (e.g., 2019-nCoV) infection in a subject (e.g., a mammalian 
subject (e.g., a human)). 

One aspect of the invention features an isolated nucleic acid molecule comprising a nucleotide 
sequence that encodes a polypeptide having at least 85% sequence identity to an amino acid 
sequence of any one of SEQ ID NOs: 1-84. In some embodiments, a) the polypeptide is 
capable of eliciting an immune response in a subject; or b) the polypeptide has at least 86, 87, 
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% sequence identity to, or the polypeptide 
sequence of, any one of SEQ ID NOs: 1-84. In some embodiments, the polypeptide has the 
amino acid sequence of SEQ ID NO: 56. In some embodiments, the polypeptide has the amino 
acid sequence of SEQ ID NO: 51. 

Another aspect features an isolated nucleic acid molecule comprising a nucleotide sequence 
having at least 85% sequence identity to all or a portion of any one of SEQ ID NOs: 93-181, 
190-195, and 199-204, or a complementary sequence thereof. In some embodiments, the 
nucleic acid molecule has at least 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% 
sequence identity to, or the nucleotide sequence of, any one of SEQ ID NOs: 93-181, 190-195, 
and 199-204. In some embodiments, the nucleic acid molecule, or a portion thereof, is capable 
of eliciting an immune response in a subject. In some embodiments, the nucleic acid molecule 
has the nucleotide sequence of SEQ ID NO: 195. In some embodiments, the nucleic acid 


molecule has the nucleotide sequence of SEQ ID NO: 143. In some embodiments, the nucleic 
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acid molecule has the nucleotide sequence of SEQ ID NO: 204. In some embodimenits, the 
nucleic acid molecule has the nucleotide sequence of nucleotides 19-3837 of SEQ ID NO: 204. 
Another aspect features an isolated polypeptide comprising an amino acid sequence having at 
least 85% sequence identity to all or a portion of any one of SEQ ID NOs: 1-84. In some 
embodiments, said polypeptide has at least 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 9%, or 
99% sequence identity to, or the amino acid sequence of, any one of SEQ ID NOs: 1-84. In 
some embodiments, the polypeptide, or a portion thereof, is capable of eliciting an immune 
response in a subject. In some embodiments, the polypeptide has the amino acid sequence of 
SEQ ID NO: 28. In some embodiments, the polypeptide has the amino acid sequence of SEQ 
ID NO: 51. 

Another aspect features an isolated vector comprising one or more of the above nucleic acid 
molecules. In some embodiments, the vector is replication-defective (e.g., lacking an E1, E3, 
and/or E4 region). In some embodiments, the vector is a mammalian, bacterial, or viral vector. 
In some embodiments, the vector is an expression vector. In some embodiments, the viral 
vector is a virus selected from the group consisting of a retrovirus, adenovirus, adeno- 
associated virus, parvovirus, coronavirus, negative strand RNA viruses, orthomyxovirus, 
rhabdovirus, paramyxovirus, positive strand RNA viruses, picornavirus, alphavirus, double 
stranded DNA viruses, herpesvirus, Epstein-Barr virus, cytomegalovirus, fowlpox, and 
canarypox. In some embodiments, the vector is an adenovirus. In some embodiments, the 
adenovirus is selected from the group consisting of Ad2, Ad5, Ad11, Ad12, Ad24, Ad26, Ad34, 
Ad35, Ad40, Ad48, Ad49, Ad50, Ad52, Ad59, and Pan9. In some embodiments, the Ad52 is a 
rhesus Ad52 or the Ad59 is a rhesus Ad59. In some embodiments, the adenovirus is Ad26. In 
other embodiments, the adenovirus is an Ad26 vector that comprises a nucleic acid molecule 
with nucleotides 19-3837 of SEQ ID NO: 204 or all of the nucleotides of SEQ ID NO: 204. In 
another embodiment, the adenovirus is an Ad26 vector that comprises a nucleic acid molecule 
encoding a polypeptide with at least 85% or more (e.g., 90%, 95%, 99%, or 100%) sequence 
identity to the polypeptide of SEQ ID NOL 51. 

Another aspect features an isolated antibody that specifically binds to any of the 
abovementioned polypeptides. In some embodiments, the antibody is generated by immunizing 
a mammal with the nucleic acid, the polypeptide, or the vector. In some embodimenits, the 
mammal is a human, cow, goat, mouse, or rabbit. In some embodiments, the antibody is 
humanized. In some embodiments, the antibody is an IgG. In some embodiments, the antibody 
is a bis-Fab, Fv, Fab, Fab'-SH, F(ab')>, a diabody, a linear antibody, or a scFV. 
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Another aspect features a method of producing an anti-2019-Wuhan coronavirus (2019-nCoV) 
antibody, comprising administering an amount of the nucleic acid molecule, the polypeptide, 
and/or the vector to a subject sufficient to elicit the production of neutralizing anti-2019-nCoV 
antisera after administration to said subject. 

Another aspect features an isolated anti-2019-nCovV antibody produced by any of the 
abovementioned methods. In some embodiments, the antibody binds to an epitope within any 
one of SEQ ID NOs: 1-84. 

Another aspect features a composition comprising the nucleic acid molecule, the polypeptide, 
the vectors or the antibody. In some embodiments, the composition further comprises a 
pharmaceutically acceptable carrier, excipient, or diluent. In some embodiments, the 
composition further comprises an adjuvant or an immunostimulatory agent. 

Another aspect features an immunogenic composition comprising the nucleic acid molecule, the 
polypeptide, the vector, or the antibody. In some embodiments, the immunogenic composition 
is a vaccine. In some embodiments, the immunogenic composition is capable of treating or 
reducing the risk of a coronavirus infection (e.g., a 2019-nCovV infection) in a subject in need 
thereof. In some embodiments, the immunogenic composition elicits production of neutralizing 
anti-2019-nCov antisera after administration to said subject. In some embodiments, the subject 
is a mammal. In some embodiments, the mammal is a human. In some embodiments, the 
human has an underlying health condition. In some embodiments, the underlying health 
condition is hypertension, diabetes, or cardiovascular disease. 

Another aspect features a method of identifying, diagnosing, and/or predicting the susceptibility 
of a subject to a coronavirus infection comprising determining whether the subject has a 
protective level of an anti-coronavirus antibody (such as an anti-Spike antibody) in a sample 
from the subject, wherein preferably the protective level is: (i) a level that is at or above atiter of 
at least about 70, as determined using a pseudovirus neutralization assay; (ii) a level that is at 
or above a titer of at least about 25, as determined using a live virus neutralization assay; or (iii) 
a level that is at least 80% of a median level of an anti-coronavirus antibody in a cohort of 
convalescent humans, as determined by a pseudovirus neutralization assay or live virus 
neutralization assay. In some embodiments the protective level of an anti-coronavirus antibody 
is a level sufficient to prevent or reduce the development of severe disease. In some 
embodiments, the method further comprises administering an effective amount of the 
composition or the immunogenic composition to the subject having less than a protective level 
of the anti-coronavirus antibody. In some embodiments, the method further comprises 


identifying a subclass and/or an effector function of the anti-coronavirus antibody (e.9., the anti- 
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Spike antibody). In some embodiments, the subclass is I9gM, IgA, l9gG1, lgG2, IgG3, or FegRZA. 
In some embodiments, the effector function is antibody-dependent neutrophil phagocytosis 
(ADNP), antibody-dependent complement deposition (ADCD), antibody-dependent monocyte 
cellular phagocytosis (ADCP), or antibody-dependent NK cell activation. In some embodimenits, 
the sample is a bodily fluid from the subject, wherein preferably the bodily fluid is blood. In 
some embodiments, the coronavirus is 2019-nCovV. 

Another aspect features a method of treating or reducing the risk of a coronavirus infection in a 
subject in need thereof, comprising administering a therapeutically effective amount of the 
composition or the immunogenic composition to said subject. In some embodiments, the 
method further comprises measuring an anti-coronavirus antibody (e.g., an anti-Spike antibody) 
level in the subject. In some embodiments, the anti-coronavirus antibody level in the subject is 
measured before and/or after the administration. In some embodiments, the anti-coronavirus 
antibody level in the subject is measured one or more times over about 1, 2, 3, 4, 5, or6 days, 
1, 2, 3, 4, 5, 6, or 7 weeks, 2, 3, 4, 5, or 6 months, 1, 2, 3, 4, or 5 years after administration. In 
some embodiments, the anti-coronavirus antibody level of the subject is below a protective level 
and wherein the method further comprises re-administering the composition or the immunogenic 
composition or administering a different anti-coronavirus composition to the subject. In some 
embodiments, the protective level is a level sufficient to reduce symptoms or duration of a 
coronavirus-mediated disease. In some embodimenis, the protective level is a level sufficient to 
prevent or reduce the development of severe disease (e.g., which can be characterized by 
weight loss (e.g., a weight reduction of at least about 5% (e.g., at least about 7.5%, at least 
about 10%, at least about 12.5%, at least about 15%, at least about 20%, at least about 25% or 
more) relative to the subject's initial weight pre-infection), the development of pneumonia and/or 
respiratory failure, and/or increased risk of death). In some embodiments, the protective level 
is: (i) a level that is at or above a titer of at least about 70, as determined using a pseudovirus 
neutralization assay; (ii) a level that is at or above a titer of at least about 25, as determined 
using a live virus neutralization assay; or (iii) a level that is at least 80% of a median level of an 
anti-coronavirus antibody in a cohort of convalescent humans, as determined by a pseudovirus 
neutralization assay or live virus neutralization assay. In some embodiments, the coronavirus is 
2019-nCoV. In some embodiments, the method further includes measuring the coronavirus 
(e.g., 2019-nCoV) viral load in a sample from the subject. In some embodiments, the sample is 
a bronchoalveolar lavage (BAL) or a nasal swab (NS). In some embodiments, the sample is a 
bodily fluid (e.g., blood, e.g., whole blood or plasma) from the subject. In some embodiments, 


the sample is a tissue sample (e.g., a respiratory tract tissue sample) from the subject. In some 
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embodiments, viral load is a detectible nucleic acid (e.g., subgenomic mRNA) level or a 
detectible protein (e.g., nucleocapsid protein (N)) level. In some embodiments, the detectible 
nucleic acid (e.g., subgenomic mRNA) is determined by RNA-seqg, RT-gPCR, gPCR, multiplex 
gPCR or RT-qPCR, LAMP, microarray analysis, or hybridization (e.g., ISH (e.g., FISH)). In 
some embodiments, the detectible protein (e.g., nucleocapsid protein (N)) is determined by an 
immunoassay (e.g., an immunohistochemical (IHC) assay or a lateral flow immunoassay). In 
some embodiments, a detectable viral load indicates that the subject is susceptible to disease 
(e.g., a 2019-nCoV-mediated disease, e.g., COVID-19, e.g., severe COVID-19 disease). In 
some embodiments, a viral load of greater than at least about 3.5 I0910 sSgmRNA copies/mL. In 
some embodiments, a viral load of greater than 3.85 log10 sS9gmRNA copies/mL in BAL or 3.78 
IOg10 S9gmRNA copies/mL in NS indicates that the subject is susceptible to disease (e.g., a 2019- 
nCoV-mediated disease, e.g., COVID-19, e.g., severe COVID-19 disease). In some 
embodiments, a viral load of greater than 3.85 log10 S9gmRNA copies/mL in BAL or 3.78 logo 
S9mRNA copies/mL in NS indicates that the subject is susceptible to severe COVID-19 disease. 
In some embodiments, a viral load of greater than about 2.0 logo samRNA copies/g of tissue 
indicates that the subject is susceptible to severe COVID-19 disease. In some embodiments, a 
viral load of greater than about 8.0 logo sg9gmRNA copies/g in lung tissue, about 7.0 logo 
SgmRNA copies/g in nares tissue, about 6.0 log10 SagmRNA copies/g in trachea tissue, about 5.5 
IOg10 sS9mRNA copies/g in heart tissue, or about 2.0 log10 sSgmRNA copies/g in GI, spleen, liver, 
kidney, or brain tissue indicates that the subject is susceptible to severe COVID-19 disease. In 
some embodiments, a viral load of greater than about 3% SARS-Cov-2 vRNA staining by ISH 
indicates that the subject is susceptible to disease. In some embodiments, a viral load of 
greater than about 5% SARS-Cov-2 vRNA staining by ISH indicates that the subject is 
susceptible to severe COVID-19 disease. In some embodiments, coronavirus (e.g., 2019- 
nCoV) viral load is measured one or more times over about 1, 2, 3, 4, 5, or6 days or 1, 2, 3,4, 
5, 6, or 7 weeks post-infection. In some embodiments, a subject determined to be susceptible 
to disease (e.g., a 2019-nCoV-mediated disease, e.g., COVID-19, e.g., severe COVID-19 
disease) is administered the composition or the immunogenic composition of the present 
disclosure alone or in combination with an additional therapeutic agent. 

Another aspect features a method of reducing a coronavirus-mediated activity (e.g., 2019- 
nCoV-mediated activity) in a subject infected with a 2019-nCoV, comprising administering a 
therapeutically effective amount of the composition or the immunogenic composition to said 
subject. In some embodiments, the therapeutically effective amount is sufficient to produce a 


log serum anti-Spike antibody titer greater than 2 in a subject, as measured by an ELISA assay. 
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In some embodiments, the therapeutically effective amount is between 15 ug and 300 ug of the 
composition or the immunogenic composition. In some embodiments, the activity is viral titer, 
viral spread, infection, or cell fusion. In some embodiments, the viral titer is decreased after 
administration of the composition or the immunogenic composition. In some embodiments, the 
viral titer is decreased by 25% or more. In some embodimenits, the viral titer is decreased by 
50% or more. In some embodiments, the viral titer is decreased by 75% or more. In some 
embodiments, the coronavirus is undetectable after said administration. In some embodiments, 
the administering occurs prior to exposure to the coronavirus. In some embodiments, the 
administering occurs at least 1 hour prior to exposure to said coronavirus. In some 
embodiments, the administering occurs at least 1 week, 1 month, or a year prior to exposure to 
said coronavirus. In some embodiments, the administering occurs post-exposure to the 
coronavirus. In some embodiments, the administering occurs at least 15 minutes post-exposure 
to said coronavirus. In some embodiments, the administering occurs at least 1 hour, 1 day, 1- 
week, post-exposure to said coronavirus. In some embodiments, the subject is administered at 
least one dose of the nucleic acid molecule, polypeptide, vector, composition, immunogenic 
composition, and antibody. In some embodiments, the subject is administered at least two 
doses. In some embodiments, the nucleic acid molecule, polypeptide, vector, composition, or 
immunogenic composition is administered to said subject as a prime, a boost, or as a prime 
boost. In some embodiments, the nucleic acid molecule, polypeptide, vector, composition, 
immunogenic composition, or antibody is administered intramusculariy, intravenously, 
intradermally, percutaneously, intraarterially, intraperitoneally, intralesionally, intracranially, 
intraarticularly, intraprostatically, intrapleurally, intratracheally, intranasally, intravitreally, 
intravaginally, intrarectally, topically, intratumorally, peritoneally, subcutaneously, 
subconjunctivelly, intravesicularily, mucosally, intrapericardially, intraumbilically, intraoculariy, 
orally, topically, locally, by inhalation, by injection, by infusion, by continuous infusion, by 
localized perfusion bathing target cells directly, by catheter, by lavage, by gavage, in creams, or 
in lipid compositions. In some embodiments, the nucleic acid molecule, polypeptide, vector, 
composition, immunogenic composition, or antibody is administered intramusculariy. In some 
embodiments, the subject is a mammal. In some embodiments, the mammal is a human. In 
some embodiments, the human has an underlying health condition. In some embodiments, the 
underlying health condition is hypertension, diabetes, or cardiovascular disease. In some 
embodiments, the method promotes an immune response in said subject. In some 
embodiments, the immune response is a humoral immune response. In some embodiments, 


the humoral immune response is an IgG response. 
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Another aspect features a composition for use in treating or reducing the risk of a coronavirus 
infection, such as a 2019-nCovV infection, in a subject in need thereof, comprising a 
therapeutically effective amount of the composition or the immunogenic composition. 

Another aspect features a composition for use in reducing a coronavirus-mediated activity (e.g., 
2019-nCoV-mediated activity) in a subject infected with a 2019-nCoV, comprising a 
therapeutically effective amount of the composition or the immunogenic composition. 

Another aspect features a method of manufacturing an immunogenic composition for treating or 
reducing the risk of a coronavirus (e.g., 2019-nCovV) infection in a subject in need thereof, said 
method comprising the steps of: (a) admixing at least one of the nucleic acid molecule, the 
polypeptide, the vector, the composition, and the antibody with a pharmaceutically acceptable 
carrier, excipient, or diluent to form the immunogenic composition; and (b) placing the 
immunogenic composition in a container. 

Another aspect features a kit comprising: (a) a first container comprising at least one of the 
nucleic acid molecule, the polypeptide, the vector, the composition, the immunogenic 
composition, and the antibody; (b) instructions for use thereof; and optionally (c) a second 
container comprising a pharmaceutically acceptable carrier, excipient, or diluent. In some 
embodiments, the first container further comprises a pharmaceutically acceptable carrier, 
excipient, or diluent. The kit optionally includes an adjuvant and/or an immunostimulatory 
agent. 

Another aspect features a kit comprising: one or more reagenis for determining the presence of 
an anti-coronavirus antibody (such as an anti-Spike antibody) in a sample (e.g., a blood sample) 
from a subject and instructions for identifying, diagnosing, and/or predicting the suscepitibility of 
a subject to a coronavirus infection. In some embodiments, the kit further comprises reagenis 
for identifying a subclass and/or an effector function of the anti-coronavirus antibody. In some 


embodiments, the kit further comprises standards or samples for comparison. 


BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to illustrate embodiments of the invention and further 
an understanding of its implementations. The foregoing summary, as well as the following 
detailed description of the invention, will be better understood when read in conjunction with the 
appended drawings. It should be understood that the invention is not limited to the precise 


embodiments shown in the drawings. 
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The patent or application file contains at least one drawing executed in color. Copies of this 
patent or patent application publication with color drawing(s) will be provided by the Office upon 


request and payment of the necessary fee. 


FIG. 1 is a diagram showing Spike protein immunogens. Annotated domains of 2019-nCoV 
Spike (SEQ ID NO: 1) including the S1 (SEQ ID NO: 4), S2 (amino acids 665-1191 of SEQ ID 
NO: 1), TM (SEQ ID NO: 86), and CT (SEQ ID NO: 85) domains. Full-length Spike (SEQ ID 
NO: 1), SaCT (SEQ ID NO: 2), S.Ecto (SEQ ID NO: 3), S1-foldon (SEQ ID NO: 9), RBD-foldon 
(SEQ ID NO: 10), and S.Ecto-PP-foldon (SEQ ID NO: 22) protein immunogens are labeled. 
White boxes indicate foldon domain and the double intersecting lines in S.Ecto-PP-foldon 
indicate the approximate position of two stabilizing mutations (proline substitutions 
corresponding to amino acids K969 and V970 of SEQ ID NO: 1). 


FIG. 2 is a western blot showing the recognition of recombinant 2019-nCov proteins by 
polyclonal anti-SARS antiserum. Cell lysates (left panel) and supernatants (right panel) from 
cells transfected with DNA encoding SS-Spike (lane 1), SS-SaCT (lane 2), SS-S.Ecto (lane 3), 
and SS-S.Ecto-dF-PP-foldon (lane 4) were probed using polyclonal anti-SARS antiserum. 
Numbered black lines to the left of each blot indicate approximate molecular weight in kDa and 
numbers at the top of each blot indicate lane number. 


FIG. 3 is a graph showing the recognition of full-length Spike by antibodies produced in 
2019-nCovV vaccinated mice. Serum was collected from mice 4-weeks post-vaccination with 
DNA encoding SS-Spike (lane 1), SS-SaCT (lane 2), SS-S.Ecto (lane 3), SS-S1-foldon (lane 4), 
SS-RBD-foldon (lane 5), and SS-S.Ecto-dF-PP-foldon (lane 6) and used in an ELISA with full- 
length Spike (SEQ ID NO: 1). Gray bars represent mean ELISA titer. 

FIG. 4 is a graph showing the recognition of S.dTM.PP by antibodies produced in 2019- 
nCovV vaccinated mice. Serum was collected from mice 4-weeks post-vaccination with DNA 
encoding SS-Spike (lane 1), SS-SaCT (lane 2), SS-S.Ecto (lane 3), SS-S1-foldon (lane 4), SS- 
RBD-foldon (lane 5), and SS-S.Ecto-dF-PP-foldon (lane 6) and used in an ELISA with full-length 
ectodomain S.Ecto-PP (SEQ ID NO: 19). Gray bars represent mean ELISA titer. 


FIG. 5 is a graph showing the neutralizing activity of antibodies produced in 2019-nCoV 
vaccinated mice. Serum was collected from mice 4-weeks post-vaccination with DNA 
encoding SS-Spike (lane 1), SS-SaCT (lane 2), SS-S.Ecto (lane 3), SS-S1-foldon (lane 4), SS- 
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RBD-foldon (lane 5), and SS-S.Ecto-dF-PP-foldon (lane 6) and used in an in vitro 2019-nCoV 


Spike pseudovirus neutralization assay. Gray bars represent mean IC5O titer. 


FIGS. 6A-6E are graphs showing humoral immune responses in vaccinated rhesus 
macaques. Humoral immune responses were assessed following immunization by (FIG. 6A) 
binding antibody ELISA, (FIG. 6B) pseudovirus neutralization assays, and (FIG. 6C) live virus 
neutralization assays. (FIG. 6D) Comparison of pseudovirus neutralization titers in vaccinated 
macaques (all animals and SS-Spike / SS-SaCT groups), a cohort of 9 convalescent macaques, 
and a cohort of 27 convalescent humans from Boston who had recovered from 2019-nCoV 
infection. (FIG. 6E) S- and RBD-specific antibody-dependent neutrophil phagocytosis (ADNP), 
antibody-dependent complement deposition (ADCD), antibody-dependent monocyte cellular 
phagocytosis (ADCP), and antibody-dependent NK cell activation (IFN-y secretion, CD107a 
degranulation, and MIP-18 expression) are shown. Radar plots show the distribution of 
antibody features across the vaccine groups. The size and color intensity of the wedges 
indicate the median of the feature for the corresponding group (blue depicts antibody functions, 
red depicts antibody isotype/subclass/FeyR binding). The principal component analysis (PCA) 
plot shows the multivariate antibody profiles across groups. Each dot represents an animal, the 
color of the dot denotes the group, and the ellipses shows the distribution of the groups as 70% 
confidence levels assuming a multivariate normal distribution. Red bars reflect median 
responses. Dotted lines reflect assay limit of detection. 


FIGS. 7A-7B are graphs showing cellular immune responses in vaccinated rhesus 
macaques. Cellular immune responses were assessed following immunization by (FIG. 7A) 
IFN-y ELISPOT assays and (FIG. 7B) multiparameter intracellular cytokine staining assays in 
response to pooled S peptides. Red bars reflect mean responses. 

FIGS. 8A-8D are graphs showing viral loads in 2019-nCovV challenged rhesus macaques. 
Rhesus macaques were challenged by the intranasal and intratracheal route with 1.2x1012 VP 
(1.1x10+ PFU) 2019-nCovV. (FIG. 8A) Logo sgmRNA copies/mL or copies/swab (limit 50 
copies/mL) were assessed in bronchoalveolar lavage (BAL) and nasal swabs (NS) in sham 
controls at multiple timepoints following challenge. (FIG. 88) Logo samRNA copies/mL in BAL 
and (FIG. 8C) log10 samRNA copies/swab in NS in vaccinated animals. (FIG. 8D) Peak viral 
loads in BAL and NS following challenge. Red lines reflect median viral loads. P-values 


indicate two-sided Mann-Whitney tests. 
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FIGS. 9A-9C are graphs showing immune correlates of protection. Correlations of (FIG. 
9A) pseudovirus NAb titers and (FIG. 9B) live NAb titers prior to challenge with log peak 
SgmRNA copies/mL in BAL or log peak sgmRNA copies/swab in nasal swabs following 
challenge. Red lines reflect the best-fit relationship between these variables. P and R values 
reflect two-sided Spearman rank-correlation tests. (FIG. 9C) The heat map (top panel) shows 
the Spearman and Pearson correlations between antibody features and log peak sgmRNA 
copies/mL in BAL (*q<0.05, **q < 0.01, ***q<0.001, with g-values obtained by Benjamini- 
Hochberg correction for multiple testing). The bar graph (bottom left panel) shows the rank of 
the Pearson correlation of the most predictive combination or individual antibody features 
defined by recursive feature elimination for partial least square regression (PLSR) and random 
forest (RF) regression. The correlation heatmap (bottom right panel) represents pairwise 


Pearson correlations between features across all animals. 


FIG. 10 is a graph showing correlation of pseudovirus and live virus NAb assays in 
vaccinated macaques. Red line reflects the best-fit relationship between these variables. P 
and R values reflect two-sided Spearman rank-correlation tests. 


FIG. 11 is a graph showing viral RNA following 2019-nCovV challenge in sham controls in 
BAL and nasal swabs. Red lines reflect median viral loads. 


FIG. 12 is a graph showing viral RNA following 2019-nCovV challenge in vaccinated 


animals in BAL. Red lines reflect median viral loads. 


FIG. 13 is a graph showing viral RNA following 2019-nCov challenge in vaccinated 
animals in nasal swabs. Red lines reflect median viral loads. 

FIG. 14 is a graph showing Peak viral RNA following 2019-nCovV challenge in vaccinated 
animals in BAL and nasal swabs. Red lines reflect median viral loads. P-values indicate two- 


sided Wilcoxon rank-sum tests. 


FIG. 15 is a graph showing correlations of log ELISA titers prior to challenge with log 
SgmRNA in BAL and nasal swabs following challenge. Red lines reflect the best-fit 
relationship between these variables. P and R values reflect two-sided Spearman rank- 


correlation tests. 
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FIG. 16 is a graph showing correlations of log ELISPOT responses prior to challenge with 
log sgmRNA in BAL and nasal swabs following challenge. Red lines reflect the best-fit 
relationship between these variables. P and R values reflect two-sided Spearman rank- 


correlation tests. 


FIG. 17 is a graph showing correlations of log CD4+ ICS responses prior to challenge 
with log sgmRNA in BAL and nasal swabs following challenge. Red lines reflect the best-fit 
relationship between these variables. P and R values reflect two-sided Spearman rank- 


correlation tests. 


FIG. 18 is a graph showing correlations of log CD8+ ICS responses prior to challenge 
with log sgmRNA copies/mL in BAL and log sgmRNA copies/swab in nasal swabs 
following challenge. Red lines reflect the best-fit relationship between these variables. P and 


R values reflect two-sided Spearman rank-correlation tests. 


FIG. 19 is a graph showing anamnestic ELISA responses following challenge. Responses 
on day 0 and day 14 following challenge are shown. Red lines refiect median responses. 


FIG. 20 is a graph showing anamnestic pseudovirus NAb responses following challenge. 
Responses on day 0 and day 14 following challenge are shown. Red lines reflect median 


responses. 


FIG. 21 is a graph showing anamnestic live virus NAb responses following challenge. 
Responses on day 0 and day 14 following challenge are shown. Red lines reflect median 
responses. 

FIG. 22 is a graph showing anamnestic ELISPOT responses following challenge. 
Responses on day 0 and day 14 following challenge are shown. Red lines reflect median 


responses. 


FIGS. 23A-23C are graphs showing viral loads in 2019-nCovV challenged rhesus 
macaques. Rhesus macaques were inoculated by the intranasal and intratracheal route with 
1.1x106 PFU (Group 1; N=3), 1.1x105 PFU (Group 2; N=3), or 1.1x10* PFU (Group 3; N=3) 
2019-nCovV. (FIG. 23A) Log: viral RNA copies/mL (limit 50 copies/mL) were assessed in 


bronchoalveolar lavage (BAL) at multiple timepoints following challenge. (FIG. 23B) Logo viral 
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RNA copies/swab and (FIG. 23C) log: s9gmRNA copies/swab (limit 50 copies/swab) were 
assessed in nasal swabs (NS) at multiple timepoints following challenge. Red horizontal bars 


reflect median viral loads. 


FIG. 24A-24F are graphs showing immune responses in 2019-nCovV challenged rhesus 
macaques. Humoral immune responses were assessed following challenge by (FIG. 24A) 
binding antibody ELISA, (FIG. 24B) pseudovirus neutralization assays, (FIG. 24C) live virus 
neutralization assays, and (FIG. 24D) systems serology profiles including antibody subclasses 
and effector functions to receptor binding domain (RBD), soluble spike (S) ectodomain, and 
nucleocapsid (N) proteins on day 35. Antibody-dependent complement deposition (ADCD), 
antibody-dependent cellular phagocytosis (ADCP), antibody-dependent neutrophil phagocytosis 
(ADNP), and antibody-dependent NK cell degranulation (NK CD107a) and cytokine secretion 
(NK MIP1B, NK IFNy) are shown. Cellular immune responses were also assessed following 
challenge by (FIG. 24E) IFN-y ELISPOT assays and (FIG. 24F) multiparameter intracellular 
cytokine staining assays in response to pooled S peptides. Red and horizontal bars reflect 


mean responses. 


FIGS. 25A-285L is a set of micrographs showing that 2019-nCovV induces acute viral 
interstitial pneumonia. (FIGS. 25A-25F) H&E sections of fixed lung tissue from 2019-nCoV 
infected rhesus macaques 2 days following challenge showing (FIG. 25A) interstitial edema and 
regional lung consolidation, (FIG. 25B) intra-alveolar edema and infiltrates of neutrophils, (FIGS. 
25C-25D) bronchiolar epithelial sloughing and necrosis, (FIG. 25E) bronchiolar epithelial 
syncytial cell formation, and (FIG. 25F) hyaline membranes within alveolar septa. (FIGS. 25G- 
25H) IHC for SARS nucleocapsid showing virus infected cells within interstitial spaces including 
(FIG. 25G) a viral syncytial cell within the lumen and (FIG. 25H) virus infected alveolar lining 
cells. (FIG. 251) Inflammatory infiltrate showing multiple cells containing 2019-nCoV RNA by 
RNASCOPEB in situ hybridization. (FIGS. 25J-25L) bronchial respiratory epithelium showing 
(FIG. 25J) inflammation within the submucosa and transmigration of inflammatory cells into the 
ciliated columnar respiratory epithelium of a bronchus, (FIG. 25K) 2019-nCoV RNA, and (FIG. 
25L) SARS nucleocapsid. Scale bars (FIG. 25A) = 200 microns; (25C, 251, 25K-25L) = 100 
micron; (FIG. 25G) = 50 micron; (FIGS. 25B, 25D-25F, 25J) = 20 microns, and (FIG. 25H) = 10 
microns. H&E=hematoxylin and eosin; IHC=immunohistochemistry; RNAscope=2019-nCoV 
RNA staining. 
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FIGS. 26A-26K is a set of micrographs showing that 2019-nCovV infects alveolar epithelial 
cells in rhesus macaques. Cyclic immunofluorescence (CyCIF) staining of fixed lung tissue 
from 2019-nCovV infected rhesus macaques 2 days following challenge. (FIG. 26A) Whole slide 
image of a lung with DAPI staining for cell nuclei, regions of nuclear consolidation (arrows), and 
foci of viral replication (box). (FIG. 26B) Higher magnification images of inset box showing (FIG. 
26C) SARS nucleocapsid positive cells (green) and DAPI for cell nuclei (blue). (FIG. 26D) 
Bright-field IHC for SARS nucleocapsid from corresponding lung region depicted in (FIG. 26B 
and FIG. 26C). (FIGS. 26E-26K) SARS-N co-staining with CD206 (FIG. 26E and FIG. 26K), 
pan-cytokeratin (pan-CK) (FIG. 26G and FIG. 26H), CD68 (FIG. 261), and Ilba-1(FIG. 26J) 
showing virally infected epithelial cells and macrophages near an infected epithelial cell. Scale 
bars (FIGS. 26F-26K) = 50 microns. 


FIGS. 27A-27F are graphs showing viral loads following 2019-nCov re-challenge in 
rhesus macaques. On day 35 following initial infection (see FIGS. 23A-23C and 24A-24F), 
rhesus macaques were re-challenged with 2019-nCov by the intranasal and intratracheal route 
with 1.1x106 PFU (Group 1; N=3), 1.1x105 PFU (Group 2; N=3), or 1.1x10+ PFU (Group 3; N=3). 
Three naive animals were included as a positive control in the re-challenge experiment. (FIG. 
27A) Logo viral RNA copies/mL (limit 50 copies/mL) were assessed in bronchoalveolar lavage 
(BAL) at multiple timepoints following re-challenge. One of the naive animals could not be 
lavaged. (FIG. 27B) Comparison of viral RNA in BAL following primary challenge and re- 
challenge. (FIG. 27C) Logo viral RNA copies/mL and (FIG. 27E) 10910 sg9gmRNA copies/swab 
(limit 50 copies/mL) were assessed in nasal swabs (NS) at multiple timepoints following re- 
challenge. Comparison of (FIG. 27D) viral RNA and (FIG. 27F) sgmRNA in NS following 
primary challenge and re-challenge. Red horizontal bars reflect median viral loads. P-values 
reflect two-sided Mann-Whitney tests. 

FIG. 28 is a series of graphs showing anamnestic immune responses following 2019- 
nCovV re-challenge in rhesus macaques. Virus-specific binding antibody ELISASs, 
pseudovirus neutralization assays, live virus neutralization assays, and IFN-y ELISPOT assays 
are depicted prior to and 7 days following 2019-nCov re-challenge. Red lines reflect mean 


responses. P-values reflect two-sided Mann-Whitney tests. 


FIG. 29 is a series of graphs showing plasma viral loads in 2019-nCov challenged rhesus 


macaques. Groups 1-3 are described in FIG. 23. Logo viral RNA copies/mL (limit 50 
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copies/mL) were assessed in plasma at multiple timepoints following challenge. Red horizontal 


bars reflect median viral loads. 


FIG. 30 is a series of graphs showing clinical scores of 2019-nCov challenged rhesus 
macaques. Groups 1-3 are described in FIG. 23. Semi-quantitative clinical scoring of animals 
based on appearance, dyspnea, recumbency, appetite, and responsiveness. respiratory 
distress at multiple timepoints following challenge. Red horizontal bars reflect median clinical 


scores. 


FIG. 31 is a graph showing hematology in 2019-nCovV challenged rhesus macaques. 


Neutrophil and lymphocyte counts (K/uL) are shown. Red horizontal bars reflect median values. 


FIG. 32 is a graph showing tissue viral loads in 2019-nCov challenged rhesus macaques. 
Rhesus macaques were inoculated with 2019-nCovV and were necropsied on day 2 (N=2) and 
day 4 (N=2) following challenge. Logo viral RNA copies/g tissue (limit 200 copies/g) were 
assessed in multiple tissues. Red horizontal bars reflect median viral loads. 


FIGS. 33A-33J are micrographs showing that 2019-nCovV replication induces 
polymorphonuclear and mononuclear inflammatory infiltrates associated with type 1 
interferon responses. (FIG. 33A and FIG. 33F) Detection of 2019-nCoV RNA, (FIG. 33B and 
FIG. 33G) IHC for myeloperoxidase (MPO), (FIG. 33C and FIG. 33H) double staining for CD4 
(brown) and macrophages (CD68 and CD163, red), (FIG. 33D and FIG. 331) CD8T 
lymphocytes, and (FIG. 33E and FIG. 33J) MX1 (type 1 interferon response gene) in (FIG. 33A- 
33E) a 2019-nCovV infected rhesus macaque on day 2 following challenge and (FIG. 33F-33G) 


an uninfected rhesus macaque. Scale bars = 100 microns. 


FIGS. 34A-34B is a graph showing quantitative analysis of inflammatory infiltrates in lung 
tissue. (FIG. 34A) Lung alveoli polymorphonuclear (PMN) cell infiltration and (FIG. 34B) extent 
of MX1 staining in 2019-nCov infected versus uninfected rhesus macaques. P values reflect 2- 


sided Mann-Whitney tests. 


FIGS. 35A-35J are micrographs showing inflammatory infiltrates within regions of lung 
consolidation in 2019-nCovV acute infection. (FIG. 35A) One lung section 2 days post- 


infection, containing three regions of interest (ROI) showed tissue consolidation (ROI 1-3); scale 
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bar = 5 mm. (FIG. 35B) Bronchus associated lymphoid tissue (BALT) and (FIG. 35C and FIG. 
35D) bronchiolar epithelium within ROI 1 showing bronchiolar necrosis with (FIG. 35C) 
migration of CD3+ T lymphocytes into the bronchiole lumen and (FIG. 35D) peribronchiolar 
inflammation with numerous myeloperoxidase (MPO) expressing neutrophils and CD16+ 
macrophages; CD3 (gray), CD20 (blue), CD68 (yellow), HLADR (cyan), MPO (magenta), E- 
Cadherin (green); scale bar = 100 um. (FIG. 35E and FIG. 35F) CD16 positivity (red) in 
consolidated tissue (DNA, gray) with (FIG. 35E, FIG. 35G, and FIG. 351) low 2019-nCoV 
positivity in ROI 1 as compared to (FIG. 35F, FIG. 35H, and FIG. 35J) high 2019-nCovV positivity 
in ROI 3. SARS-N (green) and pan-CK (epithelium, red) staining in (FIG. 35G) ROI 1 versus 
(FIG. 35H) ROI 3. CD3 (gray), CD20 (red), and CD68 (green) positivity in ROI 1 (low SARS 
CoV2 positivity) (FIG. 351) versus ROI 3 (high SARS CoV2 positivity) (FIG. 35J); scale bar = 0.5 


mm. 


FIG. 36 is a graph showing plaque assays of BAL and nasal swabs following 2019-nCoV 
primary challenge and re-challenge. Peak plaque-forming units (PFU) per ml for BAL or per 
swab for nasal swabs from days 1-7 following primary challenge or re-challenge are shown. 
Red horizontal bars reflect median PFU titers. 


FIG. 37 is a graph showing clinical scores of 2019-nCovV re-challenged rhesus macaques. 
Groups 1-3 are described in FIG. 23. Semi-quantitative clinical scoring of animals based on 
appearance, dyspnea, recumbency, appetite, and responsiveness. respiratory distress at 


multiple timepoints following challenge. 


FIG. 38A is a diagram showing the construction of Ad26 vectors. Seven Ad26 vectors 
were produced expressing SARS-Cov-2 S protein variants: (i) tPA leader sequence with full- 
length S (tPA.S (SEQ ID NO: 1, with a tPA leader sequence fused to the N-terminus)), (ii) tPA 
leader sequence with full-length S with mutation of the furin cleavage site and two proline 
stabilizing mutations (tPA.S.PP (SEQ ID NO: 23, with a tPA leader sequence fused to the N- 
terminus)), (iii) wildtype leader sequence with native full-length S (S (SEQ ID NO: 29)), (iv) 
wildtype leader sequence with S with deletion of the cytoplasmic tail (S.aCT (SS-SaCT) (SEQ 
ID NO: 30)), (v) tandem tPA and wildtype leader sequences with full-length S (tPA.WT.S (SEQ 
ID NO: 29, with a tPA leader sequence fused to the N-terminus)), (vi) wildtype leader sequence 
with S with deletion of the transmembrane region and cytoplasmic tail, reflecting the soluble 


ectodomain, with mutation of the furin cleavage site, proline stabilizing mutations, and a foldon 
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trimerization domain (S.4TM.PP (SS-S.Ecto-dF-PP-foldon) (SEQ ID NO: 56)), and (vii) wildtype 
leader sequence with full-length S with mutation of the furin cleavage site and proline stabilizing 
mutations (S.PP (SS-Spike-dF-PP) (SEQ ID NO: 51)). Red triangle depicts tPA leader 
sequence, black triangle depicts wildtype leader sequence, red X depicts furin cleavage site 
mutation, red vertical lines depict proline mutations, open square depicts foldon trimerization 


domain. 


FIG. 38B is a western blot showing the recognition of SARS-Cov-2 S variatns by 
polyclonal anti-SARS antibody. Western blot analyses for expression from Ad26 vectors 
encoding tPA.S (lane 1), tPA.S.PP (lane 2), S (lane 3), S.aCT (SS-SaCT) (lane 4), tPA.WT.S 
(lane 5), S.4TM.PP (SS-S.Ecto-dF-PP-foldon) (lane 6), and S.PP (SS-Spike-dF-PP) (lane 7) in 


cell lysates using an anti-SARS polyclonal antibody. 


FIGS. 39A-39D are graphs showing humoral immune responses in vaccinated rhesus 
macaques. Humoral immune responses were assessed at weeks 0, 2, and 4 by (FIG. 39A) 
RBD-specific binding antibody ELISA, (FIG. 39B) pseudovirus neutralization assays, and (FIG. 
39C) live virus neutralization assays. Red bars reflect median responses. Dotted lines reflect 
assay limit of quantitation. (FIG. 39D) S- and RBD-specific antibody-dependent neutrophil 
phagocytosis (ADNP), antibody-dependent monocyte cellular phagocytosis (ADCP), antibody- 
dependent complement deposition (ADCD), and antibody-dependent NK cell activation 
(ADNKA) at week 4 are shown as radar plots. The size and color intensity of the wedges 
indicate the median of the feature for the corresponding group (blue depicts antibody functions, 
red depicts antibody isotype/subclass/FceyR binding). The principal component analysis (PCA) 
plot shows the multivariate antibody profiles across groups. Each dot represents an animal, the 
color of the dot denotes the group, and the ellipses shows the distribution of the groups as 70% 
confidence levels assuming a multivariate normal distribution. 

FIGS. 40A-40B are graphs showing cellular immune responses in vaccinated rhesus 
macaques. Cellular immune responses were assessed at week 4 following immunization by 
(FIG. 40A) IFN-y ELISPOT assays and (FIG. 40B) IFN-y+CD4+ and IFN-y+CD8+ T cell 
intracellular cytokine staining assays in response to pooled S peptides. Red bars reflect median 


responses. Dotted lines reflect assay limit of quantitation. 


FIGS. 41A-41D are graphs showing viral loads in rhesus macaques following SARS-Cov- 


2 challenge. Rhesus macaques were challenged by the intranasal and intratracheal routes 
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with 1.2x108 VP (1.1x10* PFU) SARS-Cov-2. (FIGS. 41A-41B) Log: sgmRNA copies/mL (limit 
of quantification 50 copies/mL) were assessed in bronchoalveolar lavage (BAL) in sham 
controls and in vaccinated animals following challenge. (FIGS. 41C-41D) Logo s9gmRNA 
copies/swab (limit of quantification 50 copies/swab) were assessed in nasal swabs (NS) in 
sham controls and in vaccinated animals following challenge. One animal in the S.4dTM.PP (SS- 
S.Ecto-dF-PP-foldon) group did not have peak BAL samples obtained following challenge. Red 


lines reflect median values. 


FIG. 42 is a graph showing summary of peak viral loads following SARS-Cov-2 challenge. 
Peak viral loads in BAL and NS following challenge. Peak viral loads occurred variably on day 
1-4 following challenge. Red lines reflect median viral loads. P-values indicate two-sided 
Mann-Whitney tests (*P<0.05, **P<0.001, ***P<0.0001). 


FIGS. 43A-43D are graphs showing antibody correlates of protection. Correlations of (FIG. 
43A) binding ELISA titers, (FIG. 43B) pseudovirus NAb titers, and (FIG. 43C) live virus NAb 
titers at week 2 and week 4 with log peak sgmRNA copies/mL in BAL following challenge. Red 
lines reflect the best linear fit relationship between these variables. P and R values reflect two- 
sided Spearman rank-correlation tests. (FIG. 43D) The heat map shows the differences in the 
means of z-scored features between completely protected (N=17) and partially protected and 
non-protected (N=22) animals. The two groups were compared by two-sided Mann-Whitney 
tests, and stars indicate the Benjamini-Hochberg corrected q-values (*q < 0.05). The dot plots 
show differences in the features that best discriminated completely protected and partially 
protected animals, including NAb titers, S-specific antibody-dependent NK cell activation 
(ADNKA), and antibody-dependent monocyte cellular phagocytosis (ADCP). P-values indicate 
two-sided Mann-Whitney tests. The bar plot shows the cross-validated area under the receiver 
operator characteristics curves using the features indicated on the x-axis in a logistic regression 
model. The top three 1-feature and 2-feature models are shown. Error bars indicate the mean 


and standard deviation for 100 repetitions of 10-fold cross-validation. 


FIGS. 44A-44B are graphs showing immune responses following SARS-CovV-2 challenge. 
(FIG. 44A) Pseudovirus NAb titers prior to challenge and on day 14 following challenge and 
(FIG. 44B) IFN-y+CD8+ and IFN-y+CD4+ T cell responses by intracellular cytokine staining 
assays in response to pooled spike (S1, S2), nucleocapsid (NCAP), and non-structural proteins 
(N6, N7a, N8) peptides on day 14 following challenge in sham controls and in Ad26-S.PP (Ad26 
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SS-Spike-dF-PP) vaccinated animals. Red bars reflect median responses. Dotted lines reflect 


assay limit of quantitation. 


FIG. 45 is a pair of graphs showing correlation of pseudovirus NAb titers and ELISA or 
live virus NAb assays in vaccinated macaques. Red line reflects the best linear fit 
relationship between these variables. P and R values reflect two-sided Spearman rank- 


correlation tests. 


FIG. 46 is a graph showing a comparison of pseudovirus NAb titers in vaccinated 
macaques and convalescent macaques and humans. Comparison of pseudovirus NAb in 
macaques vaccinated with Ad26-S.PP (Ad26 SS-Spike-dF-PP) with previously reported cohorts 
of convalescent macaques and convalescent humans who had recovered from SARS-Cov-2 


infection. 


FIG. 47 is a pair of graphs showing humoral immune responses in BAL in vaccinated 
rhesus macaques. S-specific IgG and IgA at week 4 in BAL by ELISA in sham controls and in 
Ad26-S.PP (Ad26 SS-Spike-dF-PP) vaccinated animals. Red bars reflect median responses. 
Dotted lines reflect assay limit of quantitation. 


FIG. 48 is a series of graphs showing humoral immune responses in vaccinated rhesus 
macaques. S- and RBD-specific antibody-dependent neutrophil phagocytosis (ADNP), 
antibody-dependent monocyte cellular phagocytosis (ADCP), antibody-dependent complement 
deposition (ADCD), and antibody-dependent NK cell activation (ADNKA) are shown. Red bars 


reflect median responses. 


FIG. 49 is a pair of graphs showing cellular immune responses in vaccinated rhesus 
macaques. IFN-y+, IL-2+, IL-4+, and IL-10+ CD4+ T cell intracellular cytokine staining assays 
in response to pooled S peptides in Ad26-S.dTM.PP (Ad26 SS-S.Ecto-dF-PP-foldon) and Ad26- 
S.PP (Ad26 SS-Spike-dF-PP) vaccinated animals. Red bars reflect median responses. Dotted 


lines reflect assay limit of quantitation. 


FIG. 50 is a pair of graphs showing ELISA correlates of protection. Correlations of binding 


ELISA titers at week 2 and week 4 with log peak sgmRNA copies/swab in NS following 
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challenge. Red lines reflect the best linear fit relationship between these variables. PandR 


values reflect two-sided Spearman rank-correlation tests. 


FIG. 51 is a pair of graphs showing pseudovirus NAb correlates of protection. 
Correlations of pseudovirus NAb titers at week 2 and week 4 with log peak sg9gmRNA 
copies/swab in NS following challenge. Red lines reflect the best linear fit relationship between 


these variables. P and R values reflect two-sided Spearman rank-correlation tests. 


FIG. 52 is a pair of graphs showing live virus NAb correlates of protection. Correlations of 
live virus NAb titers at week 2 and week 4 with log peak sgmRNA copies/swab in NS following 
challenge. Red lines reflect the best linear fit relationship between these variables. PandR 


values reflect two-sided Spearman rank-correlation tests. 


FIG. 53 is a series of graphs showing antibody correlates of protection. The dot plots 
show differences in the features between completely protected and partially protected animals. 
P-values indicate two-sided Mann-Whitney tests. 


FIG. 54 is a series of graphs showing NAb titers following SARS-CovV-2 challenge. 
Pseudovirus NAb titers prior to challenge and on day 14 following challenge in vaccinated 
animals. Red bars reflect median responses. Dotted lines reflect assay limit of quantitation. 


FIGS. 55A-55C are graphs showing clinical disease following SARS-Cov-2 infection in 
hamsters. Syrian golden hamsters (10-12 weeks old; male and female; N=20) were infected 
with 5x104 TCIDso (low dose; N=4) or 5x105 TCIDso (high dose; N=16) of SARS-CovV-2 by the 
intranasal route. (FIG. 55A) Median percent weight change following challenge. The numbers 
reflect the number of animals at each timepoint. In the high-dose group, 4 animals were 
necropsied on day 2, 4 animals were necropsied on day 4, 4 animals met euthanization criteria 
on day 6, and 2 animals met euthanization criteria on day 7. (FIG. 55B) Percent weight change 
following challenge in individual animals. Median weight loss is depicted in red. Asterisks 
indicate mortality. Grey lines indicate animals with scheduled necropsies on day 2 and day 4. 
(FIG. 55C) Tissue viral loads as measured by logo RNA copies per gram tissue (limit of 
quantification 100 copies/g) in the scheduled necropsies at day 2 and day 4 and in 2-5 of 6 
animals that met euthanization criteria on days 6-7. Extended tissues were not harvested on 
day 6. 
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FIGS. 56A-56L are a series of graphs showing pathologic features of high-dose SARS- 
CoV-2 infection in hamsters. (FIG. 56A) Necrosis and inflammation (arrow) in nasal turbinate, 
H&E (d2). (FIG. 56B) Bronchiolar epithelial necrosis with cellular debris and degenerative 
neutrophils in lumen (arrow) and transmigration of inflammatory cells in vessel wall (arrowhead), 
H&E (d2). (FIG. 56C) Interstitial pneumonia, hemorrhage, and consolidation of lung 
parenchyma, H&E (d2). (FIG. 56D) Nasal turbinate epithelium shows strong positivity for 
SARS-CovV-N by IHC (d2). (FIG. 56E) Bronchiolar epithelium and lumina! cellular debris show 
strong positivity for SARS-CovV-N by IHC (d2). (FIG. 56F) Pneumocytes and alveolar septa 
show muultifocal strong positivity for SARS-CovV-N by IHC (d2). (FIG. 56G) Diffuse vRNA 
staining by RNASCOPEB within pulmonary interstitium (arrow, interstitial pneumonia) and within 
bronchiolar epithelium (arrowhead; d2). (FIG. 56H) Diffuse vRNA staining by RNASCOPEE 
within pulmonary interstitium (d4). (FIG. 561) Iba-1 IHC (macrophages) within pulmonary 
interstitium (d7). (FIG. 56J) CD3+ T lymphocytes within pulmonary interstitium, CD3 IHC (d4). 
(FIG. 56K) MPO (neutrophil myeloperoxidase) IHC indicating presence of interstitial neutrophils 
(d7). (FIG. 56L) Interferon-inducible gene, MX1, IHC shows strong and diffuse positivity 
throughout the lung (d4). H&E, hematoxylin and eosin; IHC, immunohistochemistry; Iba1, 
ionized calcium binding adaptor protein 1. Representative sections are shown. Scale bars = 20 
um (FIGS. 56B, 56D); 50 um (FIGS. 56A, 56E, 56F); 100 um (FIGS. 56C, 56G-56L). 


FIGS. 57A-57F are a series of graphs showing longitudinal quantitative image analysis of 
viral replication and associated inflammation in lungs. (FIG. 57A) Percent lung area 
positive for anti-sense SARS-Cov-2 viral RNA (vRNA) by RNASCOPEQ ISH. (FIG. 57B) 
Percentage of total cells positive for SARS-CoV-N protein (nuclear or cytoplasmic) by IHC. 
(FIG. 57C) Iba-1 positive cells per unit area by IHC. (FIG. 57D) CD3 positive cells per unit area. 
(FIG. 57E) MPO positive cells per unit area. (FIG. 57F) Percentage of MX1 positive lung tissue 
as a proportion of total lung area. ISH, in situ hybridization; IHC, immunohistochemistry; SARS- 
N, SARS-CovV nucleocapsid; MPO, myeloperoxidase; MX1, myxovirus protein 1 (a type 1 


interferon inducible gene). Each dot represents one animal. 


FIGS. 58A-580 are a series of graphs showing lung viral dynamics and ACE2 receptor 
expression patterns. Hamsters were necropsied before (SARS-CovV-2 Negative) or after high- 
dose SARS-CovV-2 challenge on day 2 (D2), day 4 (D4), day 7 (D7), and day 14 (D14) following 


challenge. Serial sections of lung tissue were stained for vRNA anti-sense RNASCOPEB 


Ep. 8 


10 


15 


20 


25 


30 


WO 2021/155323 PCT/US2021/015946 


(FIGS. 58A-58E), for vRNA sense RNASCOPEE (FIGS. 58F-58J), and ACEZ IHC (FIGS. 58Kk- 
580). Anti-sense RNASCOPEG used a sense probe; sense RNASCOPEB used an anti-sense 


probe. IHC, immunohistochemistry. Representative sections are shown. Scale bars = 100 um. 


FIGS. 59A-59L are a series of graphs showing extrapulmonary pathology. (FIG. 59A) Anti- 
sense SARS-Cov-2 viral RNA (vRNA) in brainstem on day 2 following challenge. (FIG. 59B) 
Higher magnification showing cytoplasmic vRNA staining in neurons in the absence of 
inflammation and pathology. (FIG. 59C) Anti-sense SARS-CovV-2 vRNA staining in the lamina 
propria of small intestinal villus on day 2 following challenge. (FIG. 59D) Higher magnification 
showing cytoplasmic and nuclear vRNA staining in an individual mononuclear cell in the 
absence of inflammation and tissue pathology. (FIG. 59E) Anti-sense SARS-Cov-2 vRNA 
staining within the myocardium and along the epicardial surface of the heart on day 4 following 
challenge. (FIG. 59F) Higher magnification showing staining of inflammatory mononuclear cell 
infiltrates consistent with focal myocarditis. (FIG. 59G) Pulmonary vessel showing 
endothelialitis day 4 (d4) following challenge. (FIG. 59H) Pulmonary vessel showing CD3+ T 
lymphocyte staining by IHC adhered to endothelium and within vessel wall, d4 following 
challenge. (FIG. 591) Pulmonary vessel showing lba-1+ staining by IHC of macrophages along 
endothelium and perivasculariy, d4. (FIG. 59J) Pulmonary vessel showing minimal vascular 
staining for SARS-CoV-N by IHC, d4. (FIG. 59K) Heart from (FIGS. 59E, 59F) showing focal 
lymphocytic myocarditis as confirmed by CD3+ T lymphocyte staining (FIG. 59L) of cells by IHC, 
d4. Scale bars = 500 um (FIGS. 59A, 59C, 59E); 100 um (FIGS. 59B, 59D, 59F, 59G-59L). 


FIGS. 60A-60F are a series of graphs showing SARS-CovV-2 in blood mononucilear cells 
and bone marrow. (FIG. 60A-60C) SARS-Cov-2 anti-sense vRNA staining within 
mononuclear cells within lung thrombus on day 2 following challenge. (FIG. 60D) Bone marrow 
from the nasal turbinate 4 days following challenge showing (FIG. 60E) hematopoetic cells 
(H&E) that show (FIG. 60F) positive staining for SARS-CoV-N IHC. vRNA, viral RNA; H&E, 
hematoxylin and eosin; IHC, immunohistochemistry. Scale bars = 500 um (FIG. 604); 200 um 
(FIG. 60D); 100 um (FIG. 60B, 60C, 60E, 60F). 


FIGS. 61A-61F are graphs showing humoral immune responses in vaccinated hamsters. 

(FIG. 61A) SARS-Cov-2 spike (S) immunogens with (i) deletion of the transmembrane region 

and cytoplasmic tail reflecting the soluble ectodomain with a foldon trimerization domain 

(S.dTM.PP) or (ii) full-length S (S.PP), both with mutation of the furin cleavage site and two 
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proline stabilizing mutations. Red X depicts furin cleavage site mutation, red vertical lines depict 
proline mutations, open square depicts foldon trimerization domain. S1 and S2 represent the 
first and second domain of the S protein, TM depicts the transmembrane region, and CT depicts 
the cytoplasmic domain. Hamsters were vaccinated with 1010 vp or 10% vp of Ad26-S.9TM.PP 
or Ad26-S.PP or sham controls (N=10/group). Humoral immune responses were assessed at 
weeks 0, 2, and 4 by (FIG. 61B) RBD-specific binding antibody ELISA and (FIG. 61C) 
pseudovirus neutralization assays. Red bars reflect median responses. Dotted lines reflect 
assay limit of quantitation. (FIG. 61D) S- and RBD-specific IgG subclass, FecyR, and ADCD 
responses at week 4 are shown as radar plots. The size and color intensity of the wedges 
indicate the median of the feature for the corresponding group (antibody subclass, red; FcyR 
binding, blue; ADCD, green). (FIG. 61E) Principal component analysis (PCA) plot showing the 
multivariate antibody profiles across vaccination groups. Each dot represents an animal, the 
color of the dot denotes the group, and the ellipses show the distribution of the groups as 70% 
confidence levels assuming a multivariate normal distribution. (FIG. 61F) The heat map shows 
the differences in the means of z-scored features between vaccine groups S.PP and S.dTM.PP. 
The two groups were compared by two-sided Mann-Whitney tests and stars indicate the 
Benjamini-Hochberg corrected q-values (*q < 0.05, ** q < 0.01, *** q < 0.001). 


FIGS. 62A-62C are graphs showing the correlation of antibody titers and survival curves. 
(FIG. 62A) Correlations of binding ELISA titers and pseudovirus NAb titers at week 2 and week 
4. Red lines reflect the best linear fit relationship between these variables. P and R values 
reflect two-sided Spearman rank-correlation tests. (FIG. 62B) Survival curve for the vaccine 
study. P values indicate two-sided Fisher's exact tests. N denotes number of animals in each 
group. (FIG. 62C) Combined analysis of the two hamster studies involving all animals that 
received the 5x105 TCID:o challenge dose and were followed longitudinally. P values indicate 
two-sided Fisher's exact tests. N denotes number of animals in each group. 

FIGS. 63A-63D are graphs showing clinical disease in hamsters following high-dose 
SARS-CovV-2 challenge. (FIG. 63A) Median percent weight change following challenge. (FIG. 
63B) Percent weight change following challenge in individual animals. Median weight loss is 
depicted in red. Asterisks indicate mortality. Grey lines indicate animals with scheduled 
necropsies on day 4. (FIG. 63C) Maximal weight loss in the combined Ad26-S.dTM.PP (N=14), 
Ad26-S.PP (N=14), and sham control (N=7) groups, excluding the animals that were necropsied 
on day 4. P values indicate two-sided Mann-Whitney tests. (FIG. 63D) Quantification of 


percent lung area positive for anti-sense vRNA in tissue sections from Ad26-S.9TM.PP and 
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Ad26-S.PP vaccinated hamsters as compared to control hamsters on day 4 following challenge. 


P values represent two-sided Mann-Whitney tests. 


FIGS. 64A-64B are graphs showing antibody correlates of clinical protection. Correlations 
of (FIG. 64A) binding ELISA titers and (FIG. 64B) pseudovirus NAb titers at week 2 and week 4 
with maximum percent weight loss following challenge. Red lines reflect the best linear fit 
relationship between these variables. P and R values reflect two-sided Spearman rank- 


correlation tests. 


FIGS. 65A-65B are graphs showing tissue viral loads on day 4 and day 14. Tissue viral 

loads as measured by log: subgenomic RNA copies per gram tissue (limit of quantification 100 
copies/g) on (FIG. 65A) day 4 (N=6 reflects both dose groups for each vaccine) and (FIG. 65B) 
day 14 (N=14 reflects both dose groups for each vaccine) following challenge. Red lines reflect 


median values. Each dot represents one animal. 


FIGS. 66A-66D are graphs showing antibody correlates of protection. Correlations of 
(FIGS. 66A, 66C) binding ELISA titers and (FIGS. 66B, 66D) pseudovirus NAb titers at week 2 
and week 4 with log10 RNA copies per gram (FIGS. 66A, 66B) lung and (FIGS. 66C, 66D) nasal 
turbinate tissue in the animals that were necropsied on day 4. Red lines reflect the best linear fit 
relationship between these variables. P and R values reflect two-sided Spearman rank- 


correlation tests. 


FIGS. 67A-67B are graphs showing antibody correlates of protection and anamnestic 
responses. (FIG. 67A) The heatmaps show the Spearman rank correlation between antibody 
features and weight loss (N=35), lung viral loads (N=12), and nasal turbinate viral loads (N=12). 
Significant correlations are indicated by stars after multiple testing correction using the 
Benjamini-Hochberg procedure (*q < 0.05, ** q < 0.01, *** q < 0.001). (FIG. 67B) ELISA and 


NAb responses in surviving hamsters on day 14 following SARS-Cov-2 challenge. 


FIGS. 68A-68S is a series of graphs showing Ad26 vaccination protects against SARS- 
CoV-2 pathology. Histopathological H&E evaluation of (FIGS. 68A-68E, 68K-68N) sham 
controls and (FIGS. 68F-J, 680-R) Ad26-S.PP vaccinated hamsters shows in sham controls 
(FIG. 68A) severe consolidation of lung parenchyma and infiltrates of inflammatory cells, (FIG. 
68B) bronchiolar epithelial syncytia and necrosis, (FIG. 68C) SARS-CovV-N positive (IHC) 
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bronchiolar epithelial cells, (FIG. 68D) peribronchiolar CD3+ T lymphocyte infiltrates, and (FIG. 
68E) peribronchiolar macrophage infiltrates (Iba-1; IHC), and (FIGS. 68F-J) minimal to no 
corresponding pathology in Ad26-S.PP vaccinated animals. SARS-CovV-2 anti-sense 
RNASCOPEB ISH in (FIG. 68K), interstitial CD3+ T lymphocytes (FIG. 68L) MPO staining by 
IHC, and MX1 staining by IHC (FIG. 68N) in sham controls compared to similar regions in Ad26- 
S.PP vaccinated animals (FIGS. 680-68R) on day 4 following challenge. Quantification of 
percent lung area positive for anti-sense vRNA (FIG. 68S) in tissue sections from Ad26- 
S.dTM.PP and Ad26-S.PP vaccinated hamsters as compared to control hamsters 4 days 
following challenge. Representative sections are shown. P values represent two-sided Mann- 
Whitney tests. Scale bars = 20 um (FIGS. 68B, 68C, 68G, 68H, 681); 50 um (FIGS. 684, 68D, 
68E, 68J); 100 um (FIGS. 68F, 68K-68R). 


FIG. 69: Schematic representation of several designs of SARS-Cov-2 S constructs (S1 light 
grey, S2 dark grey). In the bottom designs, the wildtype (wt) signal peptide was changed to the 
tPA signal peptide. Vertical line between S1 and S2 indicates the mutation in the furin cleavage 
site. Dotted line indicates the double proline mutations at position 986 and 987. Delta ERRS 
indicates deletion of the C-terminal residues that contain the endoplasmic reticulum retention 
signal. 


FIG. 70: Detection of expression of SARS-Cov-2 S with several SARS-CovV-1 specific 
antibodies on the cell surface after transfection with several different S variants based on 


luminescence intensities using a cell-based ELISA. Data are represented as mean + SEM. 


FIG. 71: Detection of expression of SARS-CovV-2 S with several SARS-CoV-1 specific 
antibodies and an antibody specific for a high-mannose patch on HIV gp120 (2G12), on the cell 
surface after transfection with several different S variants using flow cytometry. Data are 


represented as mean + SEM. 


FIG. 72: Serum SARS-Cov-2 Spike-specific antibody titers on day 19 by ELISA. ULOG, upper 
limit of detection; LLOD, lower limit of detection. Statistical analysis: One-way ANOVA with 


Bonferroni multiple comparison correction; n.s., not significant (p>0.05). 


FIG. 73: Effect of different signal peptides on protein expression. Detection of expression of 
SARS-CovV-2 S constructs with different signal peptides with a ACEZ-antibody construct and 
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SARS-CoV-1 specific antibody (CR3022) on the cell surface based on luminescence intensities 


using cell-based ELISA. Data are represented as mean + SEM. 


FIG. 74: Cloning the SARS-Cov-2 coding sequence in linearized target vector. Two DNA 


fragments coding parts of SARS-Cov-2 spike protein were assembled into their target vector. 


FIG. 75: Introduction of expression cassette coding the SARS-Cov-2 sequence into the E1 


region of the Ad26 vector. 


FIGs. 76A-76B: S protein binding antibody titers as measured by ELISA. (FIG. 76A) week 2; 
(FIG. 76B) week 4. The median response per group is indicated with a horizontal line. The 
dotted line indicates the LLOD. Across-dose comparisons between Ad26NCOVO030 
(Ad26COVS1), Ad26NCOVO006, and Ad26NCOV028 (data not shown) were performed with a t- 
test from ANOVA with Bonferroni correction for multiple comparisons. *: p<0.05. LLOD = lower 


limit of detection. 


FIGs. 77A-77B: Neutralizing antibody titers as measured by wtVNA determining the cytopathic 
effect (CPE) of virus isolate Leiden1 (L-001) on Vero E6 cells. (FIG. 77A) week 2; (FIG. 77B) 
week 4. The median response per group is indicated with a horizontal line. The dotted line 
indicates the LLOD. Animals with a response at or below the LLOD are shown as open 
symbols. wtVNA = wild-type virus neutralization assay. Across-dose comparisons between 
Ad26NCOVO30 (Ad26COVS1), Ad26NCOVO06, and Ad26NCOVO028 (data not shown) were 
performed with a z-test for Tobit ANOVA with Bonferroni correction for multiple comparisons. **: 
p<0.01. 


FIG. 78: SARS-Cov-2 S Protein Specific Cellular Response in Mice; The sum of SFU from 
stimulation with peptide pools 1 and 2 is shown. IFN-y production by splenocytes was measured 
by ELlSpot after 18 hours of peptide stimulation. The dotted line indicates the LLOD of 200 IFN- 
y SFU/105 unstimulated splenocytes incubated with medium and DMSO. Animals with a 


response at or below the LLOD are shown as open symbols. 


FIGs. 79A-79C: Cytokine concentration in cell supernatant was determined by a Multiplex 
ELISA based analysis, and ratios were calculated. (FIG. 79A) Ratio IFNy/IL-4; (FIG. 79B) Ratio 
IFNy/IL-5; (FIG. 79C) Ratio IFNy/IL-10. The median ratio per group is indicated with a horizontal 
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line. Statistical difference between Ad26COVS1 (Ad26NCOV030) and adjuvanted S protein 


calculated by Mann-Whitney U-test with 2-fold Bonferroni correction. ***: p<0.001. 


FIGs. 80A-80C: S protein binding IgG1 and IgGZa titers were measured by ELISA. (FIG. 80A) 
IgG1; (FIG. 80B) IgG2a. The median response per group is indicated with a horizontal line. 
Dotted lines indicate the LLOD and ULOD of the assays. Animals with a response at or below 
the LLOD or at or above the ULOD are shown as open symbols. (FIG. 80C) The ratio of 
IgG2a/IgG1 titers was calculated. The median response per group is indicated with a horizontal 
line. The dotted line indicates an IgG2a/I9G1 ratio of 1. Animals with a response at or below the 
LLOD in the IgG2a ELISA are shown as open symbols. Statistical comparison of Ad26COVS1 
(Ad26NCOV030) to the adjuvanted S protein analyzed by Mann-Whitney U-test with a 2-fold 


Bonferroni correction. **: p<0.01. 


FIGs. 81A-81B: (FIG. 81A) S protein binding antibody titers as measured by ELISA. (FIG. 81B) 
Neutralizing antibody titers as measured by wtVNA determining the cytopathic effect (CPE) of 
virus isolate Leiden1 (L-001) on Vero E6 cells. The median response per group is indicated with 
a horizontal line. The lower dotted line indicates the LLOD of 1.699 logo for ELISA and 5.7 for 
wtVNA. Animals with a response at or below the LLOD are shown as open symbols. Across- 
dose comparisons were performed with a t-test from ANOVA (ELISA) and with a Cochran- 
Mantel-Haenszel test (wtVNA), with Bonferroni adjustment for multiple comparisons. 


FIG. 82: IFN-y production by PBMC measured after 18 hours of peptide stimulation by ELISpot. 
The sum of SFU from stimulation with peptide pools 1 and 2 is shown. The dotted line indicates 
the LOB of 4.5 IFN-y SFU/10% PBMC, calculated as the 95th percentile of SFU from 
unstimulated cells incubated with medium and DMSO. Animals with a response at or below the 
LOB are shown as open symbols. Across-dose comparisons were performed with a t-test from 


ANOVA, with Bonferroni correction for multiple comparisons. 


FIGs. 83A-83B: (FIG. 83A) S protein binding antibody titers as measured by ELISA. 
Ad26.Empty sample N=18. (FIG. 83B) Neutralizing antibody titers as measured by wtVNA 
determining the cytopathic effect (CPE) of virus isolate Leiden1 (L-001) on Vero E6 cells. 
Ad26.Empty group shown as 2 pooled sera groups, from Group 7 (N=6) and Group 8 (N=6). 
The median response per group is indicated with a horizontal line. The dotted line indicates the 


LLOD. Animals with a response at or below the LLOD are shown as open symbols. ELISA data 
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comparisons were performed per dose between Ad26COVS1 (Ad26NCOV030) and 
Ad26.Empty by Mann-Whitney U-test. No corrections for multiple comparisons were made. ***: 
p<0.001. 


FIG. 84: Replication competent virus (TCIDso per gram lung) measured by plaque assay. The 
median viral load per group is indicated with a horizontal line. Animals with a response at or 
below the LLOD are shown as open symbols. Comparisons were performed between the 
Ad26.Empty group and the Ad26COVS1 (Ad26NCOV030) and Ad26NCOVO006 groups by 


Mann-Whitney U-test. No corrections for multiple comparisons were made. **: p<0.01. 


FIG. 85: Body weight as measured prior to challenge on Day relative to challenge [C]O and 4 
days post challenge on Day C4. The relative change in body weight is expressed as the body 
weight % relative to Day CO. The median change in body weight per group is indicated with a 
horizontal line. Comparisons were performed between the Ad26.Empty group and the 
Ad26COVS1 (Ad26NCOV030) and Ad26NCOVO006 groups by t-test from ANOVA. No 
corrections for multiple comparisons were made. ***: p<0.001; **: p<0.01; *: p<0.05. 


FIGs. 86A-86D: (FIG. 86A) S protein binding antibody titers as measured by ELISA. (FIG. 86B) 
Neutralizing antibody titers as measured by ppVNA. (FIG. 86C) Neutralizing antibody titers as 
measured by wtVNA using the Seattle Washington isolate, designed to express luciferase and 
GFP, incubated on Vero E6 cells. The titers were measured via Nano-Glo Luciferase Assay 
System. (FIG. 86D) IFN-y production of SARS-CovV-2 peptide stimulated PBMC as measured by 
ELlISpot. The sum of SFU from stimulation with peptide pools 1 and 2 is shown. The dotted line 
indicates the LOB of 50 IFN-y SFU/10% PBMC. Animals with a response at or below the LOB are 
shown as open symbols. The median response per group is indicated with a horizontal line. 
The dotted line indicates the LLOD of 25 for ELISA, 20 for ppVNA, and 4 for wtVNA. Animals 
with a response at or below the LLOD are shown as open symbols. ppVNA = pseudotyped virus 
neutralization assay; SFU = spot forming units; vp = virus particles; wtVNA = wild-type virus 


neutralization assay. 
FIG. 87: Western blot analyses for expression from Ad26 vectors encoding tPA.S (lane 1), 


tPA.S.PP (lane 2), S (lane 3), S.aCT (lane 4), tPA.WT.S (lane 5), S.4TM.PP (lane 6), and S.PP 


(lane 7) in cell lysates using an anti-SARS polyclonal antibody. 
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FIGs. 88A-88B: Humoral immune responses in vaccinated rhesus macaques. Humoral 
immune responses were assessed at weeks 0, 2, and 4 by (FIG. 88A) RBD-specific binding 
antibody ELISA, and (FIG. 88B) pseudovirus neutralization assays. Red (solid) bars reflect 


median responses. 


FIGs. 89A-89B;: Cellular immune responses in vaccinated rhesus macaques. Cellular immune 
responses were assessed at week 4 following immunization by (FIG. 89A) IFN-y ELISPOT 
assays and (FIG. 89B) IFN-y+CD4+ and IFN-y+CD8+ T cell intracellular cytokine staining 


assays in response to pooled S peptides. Red (solid) bars reflect median responses. 


FIGs. 90A-90D: Viral loads in rhesus macaques following SARS-Cov-2 challenge. Rhesus 
macaques were challenged by the intranasal and intratracheal route with 1.2x108 VP (1.1x104 
PFU) SARS-CoVv-2. (FIG. 90A, FIG. 90B) Logo sgmRNA copies/ml (limit 50 copies/ml) were 
assessed in bronchoalveolar lavage (BAL) in sham controls and in vaccinated animals following 
challenge. (FIG. 90C, FIG. 90D) Logo sgmRNA copies/swab (limit 50 copies/swab) were 
assessed in nasal swabs (NS) in sham controls and in vaccinated animals following challenge. 
Red lines reflect median values. 


FIG. 91: Summary of peak viral loads following SARS-Cov-2 challenge. Peak viral loads in BAL 
and NS following challenge. Peak viral loads occurred variably on day 1-4 following challenge. 
Red lines reflect median viral loads. P-values indicate two-sided Mann-Whitney tests (*P<0.05, 
**P<0.001, ***P<0.0001). 


FIG. 92: Immune responses following SARS-CovV-2 challenge. Pseudovirus NAb titers prior to 


challenge and on day 14 following challenge. Red bars reflect median responses. 


FIG. 93: Comparison of pseudovirus NAb titers in vaccinated macaques and convalescent 
macaques and humans. Comparison of pseudovirus NAb in macaques vaccinated with 
Ad26.S.PP with previously reported cohorts of convalescent macaques and convalescent 


humans who had recovered from SARS-CoV-2 infection. 


FIG. 94: Humoral immune responses in BAL in vaccinated rhesus macaques. S-specific IgG 
and IgA at week 4 in BAL by ELISA in sham controls and in Ad26.S.PP vaccinated animals. 


Red bars reflect median responses. 
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FIG. 95: Cellular immune responses in vaccinated rhesus macaques. IFN-y+, IL-2+, IL-4+, and 
IL-10+ CD4+ T cell intracellular cytokine staining assays in response to pooled S peptides in 
Ad26.S.dTM.PP and Ad26.S.PP vaccinated animals. Red bars reflect median responses. 


FIGs. 96A-96C: (FIG. 96A) Median percent weight change following challenge. The numbers 
reflect the number of animals at each timepoint. In the high-dose group, 4 animals were 
necropsied on day 2, 4 animals were necropsied on day 4, 4 animals met euthanization criteria 
on day 6, and 2 animals met euthanization criteria on day 7. (FIG. 96B) Percent weight change 
following challenge in individual animals. Median weight loss is depicted in red. Asterisks 
indicate mortality. Grey lines indicate animals with scheduled necropsies on day 2 and day 4. 
(FIG. 96C) Tissue viral loads as measured by log: RNA copies per gram tissue (limit of 
quantification 100 copies/g) in the scheduled necropsies at day 2 and day 4 and in 2-5 of 6 
animals that met euthanization criteria on days 6-7. Extended tissues were not harvested on 
day 6. 


FIGs. 97A-97L: Pathologic features of high-dose SARS-Cov-2 infection in hamsters. (FIG. 97A) 
Necrosis and inflammation (arrow) in nasal turbinate, H&E (d2). (FIG. 97B) Bronchiolar 
epithelial necrosis with cellular debris and degenerative neutrophils in lumen (arrow) and 
transmigration of inflammatory cells in vessel wall (arrowhead), H&E (d2). (FIG. 97C) interstitial 
pneumonia, hemorrhage, and consolidation of lung parenchyma, H&E (d2). (FIG. 97D) Nasal 
turbinate epithelium shows strong positivity for SARS-CoV-N by IHC (d2). (FIG. 97E) 
Bronchiolar epithelium and luminal cellular debris show strong positivity for SARS-CovV-N by 
IHC (d2). (FIG. 97F) Pneumocytes and alveolar septa show multifocal strong positivity for 
SARS-CovV-N by IHC (d2). (FIG. 97G) Diffuse vRNA staining by RNAscope within pulmonary 
interstitium (arrow, interstitial pneumonia) and within bronchiolar epithelium (arrowhead; d2). 
(FIG. 97H) Diffuse vRNA staining by RNAscope within pulmonary interstitium (d4). (FIG. 971) 
Iba-1 IHC (macrophages) within pulmonary interstitium (d7). (FIG. 97J) CD3+ T lymphocytes 
within pulmonary interstitium, CD3 IHC (d4). (FIG. 97K) MPO (neutrophil myeloperoxidase) IHC 
indicating presence of interstitial neutrophils (d7). (FIG. 97L) Interferon-inducible gene, MX1, 
IHC shows strong and diffuse positivity throughout the lung (d4). H&E, hematoxylin and eosin; 
IHC, immunohistochemistry; lba1, ionized calcium binding adaptor protein 1. Representative 
sections are shown. Experiments were repeated at least 3 times with similar results. Scale bars 
= 20 um (b, d); 50 um (a, e, f); 100 um (c, g-l). 


- 33 - 


10 


15 


20 


25 


30 


WO 2021/155323 PCT/US2021/015946 


FIGs. 98A-98F: Humoral immune responses in vaccinated hamsters. (FIG. 98A) SARS-Cov-2 
spike (S) immunogens with (i) deletion of the transmembrane region and cytoplasmic tail 
reflecting the soluble ectodomain with a foldon trimerization domain (S.4TM.PP) or (ii) full-length 
S (S.PP), both with mutation of the furin cleavage site and two proline stabilizing mutations. Red 
X depicts furin cleavage site mutation, red vertical lines depict proline mutations, open square 
depicts foldon trimerization domain. S1 and S2 represent the first and second domain of the S 
protein, TM depicts the transmembrane region, and CT depicts the cytoplasmic domain. 
Hamsters were vaccinated with 1010 vp or 10% vp of Ad26-S.dTM.PP or Ad26-S.PP or sham 
controls (N=10/group). Humoral immune responses were assessed at weeks 0, 2, and 4 by 
(FIG. 98B) RBD-specific binding antibody ELISA and (FIG. 98C) pseudovirus neutralization 
assays. Red bars reflect median responses. Dotted lines reflect assay limit of quantitation. (FIG. 
98D) S- and RBD specific IgG subclass, FcyR, and ADCD responses at week 4 are shown as 
radar plots. The size and color intensity of the wedges indicate the median of the feature for the 
corresponding group (antibody subclass, red; FeyR binding, blue; ADCD, green). (FIG. 98E) 
Principal component analysis (PCA) plot showing the multivariate antibody profiles across 
vaccination groups. Each dot represents an animal, the color of the dot denotes the group, and 
the ellipses show the distribution of the groups as 70% confidence levels assuming a 
multivariate normal distribution. (FIG. 98F) The heat map shows the differences in the means of 
z-scored features between vaccine groups S.PP and S.dTM.PP. The two groups were 
compared by two-sided Mann-Whitney tests and stars indicate the Benjamini-Hochberg 
corrected q-values (*q < 0.05, ** q < 0.01, *** q < 0.001). 


FIGs. 99A-99C: Clinical disease in hamsters following high-dose SARS-Cov-2 challenge. (FIG. 
99A) Median percent weight change following challenge. (FIG. 99B) Percent weight change 
following challenge in individual animals. Median weight loss is depicted in red. Asterisks 
indicate mortality. Grey lines indicate animals with scheduled necropsies on day 4. (FIG. 99C) 
Maximal weight loss in the combined Ad26-S.dTM.PP (N=14), Ad26-S.PP (N=14), and sham 
control (N=7) groups, excluding the animals that were necropsied on day 4. P values indicate 
two-sided Mann Whitney tests. N reflects all animals that were followed for weight loss and were 


not necropsied on day 4. 


FIGs. 100A-100F: Longitudinal quantitative image analysis of viral replication and associated 


inflammation in lungs. (FIG. 100A) Percent lung area positive for anti-sense SARS-Cov-2 viral 
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RNA (vRNA) by RNAscope ISH. (FIG. 100B) Percentage of total cells positive for SARS-Cov-N 
protein (nuclear or cytoplasmic) by IHC. (FIG. 100C) Iba-1 positive cells per unit area by IHC. 
(FIG. 100D) CD3 positive cells per unit area. (FIG. 100E) MPO positive cells per unit area. 
(FIG. 100F) Percentage of MX1 positive lung tissue as a proportion of total lung area. ISH, in 
situ hybridization; IHC, immunohistochemistry; SARS-N, SARS-CovV nucleocapsid; MPO, 
myeloperoxidase; MX1, myxovirus protein 1 (a type 1 interferon inducible gene). Each dot 


represents one animal. 


FIG. 101: Participants were enrolled concurrently at Belgian and US sites. Participants were 
randomized in parallel in a 1:1:1:1:1 ratio to one of five vaccination groups to receive one or two 
IM injections of Ad26.COV2.S at two dose levels of either 5x1010 vp or 1x10"! vp, or placebo. 
For each cohort, in the absence of clinically significant findings 24 hours after the first 
vaccination was administered to five sentinel participants (one per dose level and one placebo), 
another ten participants were vaccinated across all groups. Safety data up to day 28 were then 
reviewed by an internal data review committee before the remaining participants were 
randomized. 


FIGs. 102A-102C: Flow charts for cohort 1a (FIG. 102A), cohort 1b (FIG. 102B) and cohort 3 
(FIG. 102C). 


FIGs. 103A-103D: Humoral and cellular immune responses. (FIG. 103A) Log geometric mean 
titers (GMTs - as illustrated by the horizontal bars and the numbers below each timepoint) of 
serum SARS-Cov-2 binding antibodies, measured by ELISA (ELISA Units per mL [EU/mL]), at 
baseline and 29 days post vaccination, among all participants, according to schedule in cohort 
1a and 3. Dotted lines indicate the lower limit of quantification (LLOQ) and upper limit of 
quantification (ULOQ) of the assay, error bars indicate 95% confidence interval (CI). For values 
below the LLOQ, LLOQ/2 values were plotted. (FIG. 103B) Log GMTs of serum SARS-Cov-2 
neutralizing antibodies, measured by 50% microneutralization assay (IDso Log GMT - as 
illustrated by the horizontal bars and the numbers below each timepoint), at baseline and 29 
days post vaccination, among a subset of participants, according to schedule, in cohort 1a and 
3. Dotted lines indicate the LLOQ and ULOQ of the assay, error bars indicate 95% CI. For 
values below the LLOQ, LLOQG/2 values were plotted. (FIG. 103C) Expression of Th1 (IFNy 
and/or IL-2, not IL-4, IL-5 and IL-13), and Th2 (IL-4 and/or IL-5 and/or IL-13 and CD40L) 


cytokines by CD4 T cells was measured by intracellular cytokine staining (ICS). Median (as 
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illustrated by the horizontal bars and the numbers below each timepoint) and individual ICS 
responses to SARS-Cov-2 S protein peptide pool in peripheral blood mononuclear cells, at 
baseline and 15 days post vaccination, among a subset of participants from cohort 1a and 3, 
according to schedule. Percent denotes the percentage of T cells positive for the Th1 or Th2 
cytokines. Dotted line indicates the LLOQ. (FIG. 103D) Expression of IFNy and/or IL-2 
cytokines by CD8 T cells was measured by ICS. Median (as illustrated by the horizontal bars 
and the numbers below each timepoint) and individual ICS responses to SARS-CovV-2 S protein 
peptide pool in peripheral blood mononucilear cells, at baseline and 15 days post vaccination, 
among a subset of participants from cohort 1a and 3, according to schedule. Percent denotes 
the percentage of CD8 T cells positive for IFNy and/or IL-2 cytokines. Dotted line indicates the 
LLOQ. 


FIG. 104: Graphical representation of VNA responses against SARS-Cov-2 (geometric mean 


titers [GMT s] with corresponding 95% Cls) over time. 


FIG. 105: depicts the effect of age on the neutralizing antibody response by Day 29. 


FIG. 106: depicts the neutralizing antibody response and responder rates in the study cohorts. 


FIG. 107: depicts reverse cumulative distribution curves for the 5x1010 vp vaccine group and the 


1x1011 vp vaccine group. 


FIG. 108: graphic representation of SARS-CovV-2 S protein binding antibody responses as 
measured by ELISA. 


FIG. 109: depicts the effect of age on the binding antibody response at Day 29. 


FIG. 110: graphic representation of SARS-CovV-2 S protein binding antibody responses as 
measured by ELISA. 


FIG. 111: depicts reverse cumulative distribution curves for the 5x1010 vp vaccine group and the 


1x1011 vp vaccine group. 
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FIG. 112: shows that wtVNA titers highly correlated with ELISA titers at both Day 15 and Day 


29, with Spearman Correlation coefficients of 0.734 and 0.72; respectively. 


FIG. 113: shows the percentage of CD4+ T cells expressing IFNy and/or IL-2 (Th1), and not 
Th2 cytokines, and expressing IL-4 and/or IL-5/IL-13 and CDA40L (Th2). 


FIG. 114: shows the combined regimen profile. 


FIG. 115: shows the descriptive statistics for CD8+ T cells producing IFNy and/or IL-2 in 
response to SARS-CovV-2 S peptide stimulation. 


FIG. 116: shows the combined regimen profile. 


FIG. 117A-117C: SARS-Cov-2-specific humoral immune responses to 1- and 2-dose 
Ad26.C0V2.S vaccine regimes in adult rhesus macaques. (FIG. 117A) Spike (S) protein 
binding antibody levels were measured over time with a qualified ELISA for human samples, 
using a trimeric, soluble stabilized S protein produced in mammalian cells as coating antigen. 
Individual animal levels are depicted with grey points and paired measurements connected with 
grey lines. The geometric mean titers (GMT) of binding antibody responses per group is 
indicated with the red line. The dotted lines indicate the lower limit of detection (LLOD) and 
lower limit of quantification (LLOQ). (FIG. 117B) S protein neutralizing antibody levels were 
measured over time with a qualified psVNA for human samples, using pseudotyped virus 
particles made from a modified Vesicular Stomatitis Virus (VSVAG) backbone and bear the S 
glycoprotein of SARS-Cov- 2. Neutralizing antibody responses are measured as the reciprocal 
of the sample dilution where 50% neutralization is achieved (ICs0). Individual animal levels are 
depicted with grey points and paired measurements connected with grey lines. The GMT of 
neutralizing antibody responses per group is indicated with the red line. The dotted lines 
indicate the LLOD and LLOQ. (FIG. 117C) Correlation between S-specific binding antibody 
levels and neutralizing antibody titers per animal for all groups and timepoints except the sham 


control group and week 0 (baseline). The dotted lines indicate the LLOD for each assay. 


FIG. 118A-118C: SARS-Cov-2-specific humoral and cellular immune responses after 
vaccination of aged rhesus macaques. (FIG. 1184) Spike (S) protein binding antibody levels 


were measured over time with a qualified ELISA for human samples, using a trimeric, soluble 
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stabilized S protein produced in mammalian cells as coating antigen. Individual animal levels 
are depicted with grey points and paired measurements connected with grey lines. The 
geometric mean titer (GMT) of binding antibody responses per group is indicated with the red 
line. The dotted lines indicate the lower limit of detection (LLOD) and lower limit of quantification 
(LLOQ). (FIG. 118B) SARS-Cov-2 neutralization antibody titers over time, as measured by 
WtVNA. Individual animal levels are depicted with grey points and paired measurements 
connected with grey lines. The GMT per group is indicated with the red line. The dotted line 
indicates the LLOD. (FIG. 118C) Correlation between S-specific binding antibody levels and 
neutralizing antibody titers per animal for all groups and timepoints except the sham control 


group and week 0. The dotted lines indicate the LLOD for each assay. 


FIG. 119A-119C: SARS-Cov-2-specific cellular immune responses after vaccination of aged 
rhesus macaques. (FIG. 119A) Spike (S) protein-specific T cell responses as measured with an 
IFN-y/IL-4 Double-color ELISpot at indicated timepoints. The geometric mean titer (GMT) 
response per group is indicated with a horizontal line. Samples with background subtracted 
counts below or equal to O were set a 10 for visualization purposes, indicated by the dotted line. 
(FIG. 119B) Spike (S) protein-specific T cell responses as measured by intracellular cytokine 
staining at indicated timepoints. Frequency of CD4+CD69+ T cell expressing cytokines. The 
geometric mean titer (GMT) response per group is indicated with a horizontal line. The dotted 
line indicates the technical threshold. Open symbols denote samples at technical threshold. 
(FIG. 119C) ratio of CD4+CD69+ T cells expressing Th1 (IFN-y or IL-2) or Th2 (IL-4, IL-5, IL-13) 
cytokines. The geometric mean titer (GMT) response per group is indicated with a horizontal 
line. Open symbols denote values were either cells expressing Th1, Th2 or any cytokine were at 


the technical threshold. The dotted horizontal line is set at a ratio of 1 for visualization purposes. 


FIG. 120: Spike (S) protein-specific T cell responses as measured by intracellular cytokine 
staining at indicated timepoints. Frequency of CD8+CD69+ T cell expressing cytokines. The 
geometric mean titer (GMT) response per group is indicated with a horizontal line. The dotted 


line indicates the technical threshold. Open symbols denote samples at technical threshold. 


FIGs. 121A-121D: Log geometric mean titers (GMTs - as illustrated by the horizontal bars and 
the numbers below each timepoint) of SARS-Cov-2 Spike protein binding antibodies in serum 
as measured by ELISA (ELISA Units per mL [EU/mL]), at baseline and at Day 29 post 


vaccination, among all participants, and Day 57 and Day 71 for those available for cohort 1a, 
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according to schedule in cohort 1a (18-55 years old) (FIG. 121A) and cohort 3 (>65 years old) 
(FIG. 121B). Dotted lines indicate the lower limit of quantification (LLOQ) and upper limit of 
quantification (ULOQ) of the assay, error bars indicate 95% confidence interval (CI). For values 
below the LLOQ, LLOQ/2 values were plotted. 

Log GMTs of serum SARS-CovV-2 neutralizing antibodies (WtVNA), measured by 50% 
neutralization assay (IC50 Log GMT - as illustrated by the horizontal bars and the numbers 
below each timepoint), at baseline and at Day 29, Day 57 and Day 71 post vaccination, among 
a subset of participants, according to schedule, cohort 1a (18-55 years old) (FIG. 121C) and 
cohort 3 (>65 years old) (FIG. 121D). Dotted lines indicate the LLOQ and ULOGQ of the assay 
run with the current pre-dilution used for vaccine samples, error bars indicate 95% CI. For 
values below the LLOQ, LLOQ/2 values were plotted. 


FIGs. 122A-122F: Log GMTs of serum SARS-CovV-2 neutralizing antibodies (wtVNA), 
measured by 80% neutralization assay. 

(IC80 Log GMT - as illustrated by the black dots and the numbers below each timepoint), at 
baseline and at Day 29, 57 and 71 post vaccination, among a subset of participants, according 
to schedule, cohort 1a (18-55 years old) and at day 1, 15 and 29 post vaccination cohort 3 (>65 
years old). 


FIG. 123: Correlation plot between Ad26 and SARS-CovV-2 neutralizing antibody titers: baseline 
Ad26 VNA baseline vs. wtVNA day 29, and Ad26 VNA at day 57 vs. wtVNA at day 71 


FIGs. 124A-124C: Expression of Th1 (IFN-y and/or IL-2, and not IL-4, IL-5 and IL-13) (FIG. 
1244), and Th2 (IL-4 and/or IL-5 and/or IL-13 and CD40L) (FIG. 124B) cytokines by CD4+ T 
cells was measured by intracellular cytokine staining (ICS). Median (as illustrated by the 
horizontal bars and the numbers below each timepoint) and individual ICS responses to a 
SARS-CovV-2 S protein peptide pool in peripheral blood mononuclear cells, at baseline and 15 
days post vaccination, among a subset of participants from cohort 1a (18-55 years old) and 
cohort 3 (>65 years old), according to schedule, are given. The Y-axis denotes the percentage 
of T cells positive for the Th1 or Th2 cytokines. Dotted line indicates the LLOQ. Values below 
the LLOQ were plotted as LLOQ/2. 

(FIG. 124C) Expression of IFN-y and/or IL-2 cytokines by CD8+ T cells was measured by ICS. 
Median (as illustrated by the horizontal bars and the numbers below each timepoint) and 


individual ICS responses to SARS-CoV-2 S protein peptide pool in peripheral blood 
= SG 
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mononuclear cells, at baseline and 15 days post vaccination, among a subset of participants 
from cohort 1a (18-55 years old) and cohort 3 (>65 years old), according to schedule, are given. 
The Y-axis denotes the percentage of CD8+ T cells positive for IFN-y and/or IL-2 cytokines. 
Dotted line indicates the LLOQ. Values below the LLOQ were plotted as LLOQ/2. 


FIGs. 125A-125B: Relative productivity of Ad26NCOV030 (INJ 78436735) and Ad26NCOVO28 
purified material in sPER.C6 and PER.C6 TetR cells. 

A). sPER.C6 cells B) sPER.C6 TetR cells. Cells were transduced in shaker flasks with purified 
material of the Ad26 vector (70 or 300 VP/cell). Samples were taken at 0, 1, 2, 3, and 4 days 
post infection, and vector particle concentration was measured by VP-gPCR. Standard control 
(Ad26.ZEBOV) and low control (26ZIK001). VP, viral particles; gPCR, quantitative polymerase 


chain reaction; TetR, tetracycline repressor. 


FIGs. 126A-126E: Titration of SARS-Cov-2 challenge dose and characterization of 
histopathology in Syrian hamsters. Syrian hamsters (N = 12 per group), were inoculated intra- 
nasally with 102, 1053, 1046 or 105 TCIDso SARS-CoV-2 BetaCoV/Munich/BavPat1/2020, or 
mock-inoculated with Vero E6 cell-supernatant. Daily throat swabs were taken, and 2, 3, 4, and 
7 days p.i., 3 hamsters per group were sacrificed and nose and lung tissue collected for 
virological analysis and histopathology. Replication competent viral load in (FIG. 126A) lung 
tissue, (FIG. 126B) nose tissue, and (FIG. 126C) throat swabs, was determined by TCIDso 
assay on Vero E6 cells. LLOD was calculated per animal per gram or milliliter of tissue, and 
animals with a response at or below the LLOD are shown as open symbols. (FIG. 126D) Lung 
tissue was analyzed and scored for presence and severity of alveolitis, alveolar damage, 
alveolar edema, alveolar hemorrhage, type II pneumocyte hyperplasia, bronchitis, bronchiolitis, 
peribronchial and perivascular cuffing. Sum of scores are presented as sum of LRT disease 
parameters (potential range: O — 24). (FIG. 126E) Nose tissue was analyzed and scored for 
severity of rhinitis on a scale from O to 3. Dotted lines indicate the minimal and maximal scores 
of histopathology. Median responses per group are indicated with horizontal lines, error bars in 
panel c indicate the range. p.i. = post inoculation; LLOD = lower limit of detection; LRT = lower 
respiratory tract; N = number of animals; TCID50/g = 50% tissue culture infective dose per gram 


tissue; TCID50/ml = 50% tissue culture infective dose per milliliter sample; vp = virus particles. 


FIGs. 127A-127C: SARS-CovV-2 neutralizing antibody response elicited by 1- and 2-dose 
Ad26.C0V2.S vaccine regimes in Syrian hamsters. (FIG. 127A) Syrian hamsters were 
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immunized with either 10% or 1010 VP (N=12 per dose level) of Ad26-based vaccines candidates, 
or with 1010 vp of an Ad26 vector without gene insert as control (Ad26.empty, N=6). Four weeks 
after immunization half the hamsters per group received a second immunization with the same 
Ad26-based vaccine candidate (N=6 per group). (FIG. 127B) SARS-CovV-2 neutralization titers 
were measured 4 weeks after dose 1 and (FIG. 127C) 4 weeks after dose 2 by wild-type VNA 
determining the inhibition of the cytopathic effect of SARS-CovV-2 on Vero E6 cells. The sera 
from Syrian hamsters immunized with Ad26.Empty were pooled into 2 groups for negative 
control samples. Median responses per group are indicated with horizontal lines. Dotted lines 
indicate the LLOD. Animals with a response at or below the LLOD are displayed as open 
symbols on the LLOD. CPE = cytopathic effect; LLOD = Lower Limit of Detection; p.i. = post 


inoculation; VNA = virus neutralization assay; VP = virus particles. 


FIGs. 128A-128C: SARS-Cov-2 spike protein binding antibody response, and ratio with 
neutralizing antibody responses, elicited by 1- and 2-dose Ad26 vaccine regimes in Syrian 
hamsters. Syrian hamsters were immunized with either 10% or 1010 VP of Ad26-based vaccine 
candidates Ad26.S, Ad26.9TM.PP or Ad26.COV2.S, or with 100 vp of an Ad26 vector without 
gene insert as control (Ad26.empty). Four weeks after immunization half the hamsters per group 
received a second immunization with the same Ad26-based vaccine candidate (N=6 per group). 
Two and 4 weeks after one immunization, and 1, 2 and 4 weeks after the second immunization 
(weeks 5, 6 and 8 respectively), blood samples were collected and serum isolated for 
serological analyses. (FIG. 128A) SARS-Cov-2 spike protein-specific antibody binding titers of 
hamsters receiving two immunizations (N=6 per group) were measured by ELISA. (FIG. 128B) 
Neutralization titers were measured 4 weeks after dose 1 (hamsters receiving one 
immunizations, N=6 per group) and (FIG. 128C) 4 weeks after dose 2 (hamsters receiving two 
immunizations, N=6 per group). The ratio of SARS-CovV-2 neutralizing antibodies over binding 
antibodies was calculated by dividing antibody titers as measured by wtVNA, by antibody titers 
as measured by ELISA. Animals with neutralization titers at or below the LLOD are displayed as 
open symbols. Median responses per group are indicated with horizontal lines. LLOD = Lower 
Limit of Detection; ELISA = Enzyme-linked Immunosorbent assay; wtVNA = wild-type virus 


neutralization assay; VP = virus particles 


FIGs. 129A-129C: SARS-CovV-2 spike protein binding antibody response and neutralizing 
antibody response elicited by a 2-dose Ad26 vaccine regime in New Zealand White rabbits. 


New Zealand white rabbits were intramusculariy immunized with a 2-dose regimen of 5x10% vp 


-41- 


10 


15 


20 


25 


30 


WO 2021/155323 PCT/US2021/015946 


or 5x1010 vp Ad26.S, Ad26.dTM.PP, Ad26.COV2.S, or saline (FIG. 129A). Serum was sampled 
prior to immunization (day -3) and days 14, 21, 35, 42, 56, 63, 70, 84 and at sacrifice (days 99- 
101, depicted in the graph as day 100). (FIG. 129B) SARS-CovV-2 spike protein-specific 
antibody binding titers were measured by ELISA. (FIG. 129C) Neutralization titers were 
measured on days 14, 35, 56, 70 and at sacrifice. Median responses per group are indicated 
with horizontal lines, vertical lines denote group ranges. ELISA = Enzyme-linked 
Immunosorbent assay; wtVNA = wild-type virus neutralization assay; LLOQ = Lower Limit of 
Qualification; ULOQ = Upper Limit of Qualification; LLOD = Lower Limit of Detection; VP = virus 


particles. 


FIGs. 130A-130F: Protection against SARS-Cov-2 viral replication in Syrian hamsters 
immunized with Ad26-based vaccine candidates. Syrian hamsters were intramuscularly 
immunized with a 1-dose regimen and a 2-dose regimen of Ad26.S, Ad26.9TM.PP, 
Ad26.C0V2.S, or Ad26.empty (Ad26 vector not encoding any SARS-CovV-2 antigens). 
Hamsters received an intranasal inoculation with 102 TCIDso SARS-CoV-2 strain 
BetaCoV/Munich/BavPat1/2020 4 weeks post-dose 1 (week 4) or 4 weeks post-dose 2 (week 
8). (FIGs. 1304, 130B) Right lung tissue and (FIGs. 130C, 130D) right nasal turbinates were 
harvested at the end of the 4-day inoculation phase for viral load analysis. Replication 
competent virus was measured by TCIDso assay. (FIGs. 130E, 130F) Throat swab samples 
were taken daily after inoculation, and viral load area under the curve during the four-day follow- 
up was calculated as TCIDso/ml x day. The median viral load per group is indicated with a 
horizontal line. LLOD was calculated per animal and animals with a response at or below the 
LLOD are shown as open symbols on the LLOD. Comparisons were performed between the 
Ad26.S, Ad26.dTM.PP and Ad26.C0V2.S groups across dose level, with the Ad26.empty group 
by Mann-Whitney U-test. Statistical differences indicated by asterisks: *: p<0.05; **:p<0.01. 
LLOD = lower limit of detection; TCIDso/g = 50% tissue culture infective dose per gram tissue; 


TCID50/ml = 50% tissue culture infective dose per ml sample; VP = virus particles. 


FIGs. 131A-131D: Protection against SARS-Cov-2 IHC and histopathology in lung tissue of 
Syrian hamsters immunized with Ad26-based vaccine candidates. Syrian hamsters were 
intramuscularly immunized with a 1-dose regimen and a 2-dose regimen of Ad26.S, 
Ad26.dTM.PP, Ad26.COV2.S, or Ad26.empty (Ad26 vector not encoding any SARS-Cov-2 
antigens). The hamsters received intranasal inoculation with 102 TCIDso SARS-CoV-2 strain 
BetaCoV/Munich/BavPat1/2020 4 weeks post-dose 1 (week 4), or 4 weeks post-dose 2 (week 
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8). Left lung tissue was isolated 4 days after inoculation for analysis of immunohistochemical 
SARS-CoV-NP staining and histopathology. Due to a technical failure, tissues of only 2 out of 8 
hamsters immunized with one dose of Ad26.Emtpy could be analyzed. (FIGs. 131A and 131B) 
Presence of SARS-CoV-2 NP was determined by immunohistochemical staining. (FIGs. 131C 
and 131D) Lung tissue was scored for presence and severity of alveolitis, alveolar damage, 
alveolar edema, alveolar hemorrhage, type II pneumocyte hyperplasia, bronchitis, bronchiolitis, 
peribronchial and perivascular cuffing. Sum of scores are presented as sum of LRT disease 
parameters. Median scores per group are indicated with horizontal lines. Dotted lines indicate 
the LLOD. Comparisons were performed between the vaccine groups across dose level, with 
the Ad26.Empty group by Mann-Whitney U-test, except for panel c. Statistical differences 
indicated by asterisks: *:p<0.05; **:p<0.01. LLOD = lower limit of detection; VP = virus particles; 


NP = Nucleocapsid protein; IHC = Immunohistochemistry; LRT = Lower Respiratory Tract. 


FIGs. 132A-132D: Protection against SARS-Cov-2 IHC and histopathology in nasal tissue of 
Syrian hamsters immunized with Ad26-based vaccine candidates. Syrian hamsters were 
intramusculariy immunized with a 1-dose regimen and a 2-dose regimen of Ad26.S, 
Ad26.dTM.PP, Ad26.CO0V2.S, or Ad26.empty (Ad26 vector not encoding any SARS-Cov-2 
antigens). The hamsters received intranasal inoculation with 102 TCIDso SARS-Cov-2 strain 
BetaCoV/Munich/BavPat1/2020 4 weeks post-dose 1 (week 4), or 4 weeks post-dose 2 (week 
8). Left nasal tissue was isolated 4 days after inoculation for analysis of immunohistochemical 
SARS-CoV-NP staining and histopathology. Due to a technical failure, tissues of only 5 out of 8 
hamsters immunized with one dose of Ad26.Emtpy could be analyzed. (FIGs. 132A and 132B) 
Presence of SARS-CoV-NP was determined by immunohistochemical staining. (FIGs. 132C 
and 132D) Nasal tissue was scored for severity of rhinitis. 

Median scores per group are indicated with horizontal lines. Dotted lines indicate the LLOD. 
Comparisons were performed between the vaccine groups across dose level, with the 
Ad26.Empty group by Mann-Whitney U-test. Statistical differences indicated by asterisks: 
*:p<0.05; **:p<0.01. LLOD = lower limit of detection; VP = virus particles; NP = Nucleocapsid 


protein; IHC = Immunohistochemistry. 


FIGs. 133A-133D: Dose responsiveness of Ad26.C0V2.S on immunogenicity and lung viral 
load in hamsters. Syrian hamsters were intramusculariy immunized with 107, 108, 10% or 101 VP 
of Ad26.COV2.S N=8 per group, or 1010 VP Ad26 Ir (an Ad26 vector not encoding any SARS- 


CovV-2 antigens, N=8). Four weeks after one immunization, SARS-Cov-2 Spike protein-specific 
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antibody binding titers (FIG. 133A) and SARS-Cov-2 neutralizing antibodies (FIG. 133B) were 
determined. The median antibody responses per group is indicated with a horizontal line. 
Dotted lines indicate the LLOD. Animals with a response at or below the LLOD were put on 
LLOD and are shown as open symbols. Hamsters received intranasal inoculation with 102 
TCIDso SARS-Cov-2 strain BetaCoV/Munich/BavPat1/2020 4 weeks post immunization (week 
4). Right lung tissue was isolated 4 days after inoculation for virological analysis and 
immunohistochemistry. (FIG. 133C) Lung viral load was determined by TCIDso assay on Vero 
E6 cells. The median viral load per group is indicated with a horizontal line. LLOD was 
calculated per animal, and animals with a response at or below the LLOD are shown as open 
symbols. (FIG. 133D) presence of SARS-Cov-2 NP was determined by immunohistochemical 
staining. Comparisons were performed between the Ad26.COV2.S dose level groups, with the 
Ad26.Irr group by Mann-Whitney U-test. Statistical differences indicated by asterisks: *:p<0.05; 
**:p<0.01; ***:p<0.001. Ad26.Irr = Ad26 vector not encoding any SARS-CovV-2 antigens; LLOD 
= lower limit of detection; N = number of animals; TCIDso/g = 50% tissue culture infective dose 


per gram tissue; VP = virus particles; NP = Nucleocapsid protein. 


FIG. 134: No signs of VAERD in Ad26 immunized Syrian hamsters inoculated with SARS-Cov- 
2 Four days after IN inoculation with 102 TCIDso SARS-Cov-2 (N = 8 per group), a) lung tissue 
was isolated and scored for presence and severity of alveolitis, alveolar damage, alveolar 
edema, alveolar hemorrhage, type II pneumocyte hyperplasia, bronchitis, bronchiolitis, 
peribronchial and perivascular cuffing. Sum of scores are presented as sum of LRT disease 
parameters. b) Four days after inoculation, nose tissue was isolated and scored for severity of 
inflammation (rhinitis). 

Horizontal lines denote a pathology score of 0, indicating no histopathology. Symbols in red 
denote samples from hamsters with breakthrough lung viral load (>102 TCIDso/g9). Comparisons 
were performed between the Ad26.COV2.S dose level groups, with the Ad26.Irr group by Mann- 
Whitney U-test. Statistical differences indicated by asterisks: *:p<0.05; **:p<0.01, ***:p<0.001. 
Ad26..Irr = Ad26 vector not encoding any SARS-CovV-2 antigens; LRT = lower respiratory tract; 


N = number of animals; VP = virus particles. 


FIGs. 135A-135D: Binding and neutralizing antibodies correlate with protection. Protection per 
vaccine construct was defined as a viral load below 102 TCIDso/g in lung tissue, irrespective of 
vaccine regimen and dose level (see Fig 129A and B, and Fig 133C). Syrian hamsters were 
immunized once, or twice, with 10? or 101% VP of Ad26.S or Ad26.dTM.PP (N=24 per construct), 
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or 107, 108, 10%, 1010 VP Ad26.CoV.S (N=56). Hamsters were inoculated with 102 TCIDso SARS- 
CoV-2, and four days later sacrificed for virological analysis of lung tissue. Prior to virus 
inoculation serum samples were analyzed for (FIG. 135A) antibody binding titers and (FIG. 
135B) virus neutralizing antibodies. Median antibody responses per group is indicated with 
horizontal lines. Dotted lines indicate the LLOD. (FIG. 135C) Protection probability logistic 
regression models were built with Firth's correction of binding and neutralizing antibody titers 
from pooled regimens and dose levels of Ad26.COV2.S. Dotted lines indicate the 95% 
confidence interval. LLOD = lower limit of detection; N = number of animals; TCIDso/g = 50% 


tissue culture infective dose per gram tissue; VP = virus particles. 


FIGs. 136A-136C: Rapid induction of binding and neutralizing antibodies following 
Ad26.C0V2.S vaccination. (FIG. 136A) S-specific binding antibodies by ELISA, (FIG. 136B) 
RBD-specific binding antibodies by ELISA, and (FIG. 136C) pseudovirus neutralizing antibodies 
(psVNA) on day 1 and day 8 in recipients of the high dose (HD) and low dose (LD) 
Ad26.C0V2.S or placebo (PL). Red bars reflect geometric mean titers (GMT). P values reflect 
two-sided Mann-Whitney tests. 


FIGs. 137A-137B: Kinetics and magnitude of binding and neutralizing antibodies following 
Ad26.COV2.S vaccination. (A) S- and RBD-specific binding antibodies by ELISA and (B) 
SARS-CovV-2 pseudovirus neutralizing antibody (psVNA) and Ad26 virus neutralizing antibody 
(Ad26 VNA) responses following Ad26.COV2.S vaccination. LD, low dose; HD, high dose; PL, 
placebo. Red bars reflect geometric mean titers (GMT). Dotted lines reflect lower limits of 


quantitation. 


FIG. 138: Correlations of humoral immune responses. Correlations of 10910 S-specific ELISA 
titers, I091o RBD-specific ELISA titers, and log10 neutralizing antibody (NAb) titers on day 29. P 


and R values reflect two-sided Spearman rank-correlation tests. 


FIGs. 139A-139B: Antibody cross-reactivity following Ad26.COV2.S vaccination. 
Electrochemiluminescence assay (Meso Scale Discovery SARS-Cov-2 IgG Panel 2; K15369U- 
2) assessing binding antibody responses to the S proteins from (FIG. 139A) SARS-Cov-2 and 
SARS-CovV-1 as well as (FIG. 139B) Cov-229E, CoV-HKU1, CoV-NL63, and CoVv-OC43 
following Ad26.COV2.S vaccination. LD, low dose; HD, high dose; PL, placebo. Red bars 


reflect geometric mean responses. Dotted lines reflect lower limits of quantitation. 
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FIGs. 140A-140B: Kinetics and magnitude of cellular immune responses following 
Ad26.C0V2.S vaccination. (FIG. 140A) IFN-y and IL-4 ELISPOT responses and (FIG. 140B) 
IFN-y central memory CD27+ CD45RA- CD4+ and CD8+ T cell responses by ICS assays 
following Ad26.COV2.S vaccination. ICS assays were performed in a subset of participants with 
sufficient peripheral blood mononuclear cells (PBMCs) on day 71/85. SFC, spot-forming cells; 
LD, low dose; HD, high dose; PL, placebo. Red bars reflect geometric mean responses. Dotted 


lines reflect lower limits of quantitation. 


FIG. 141: Correlations of cellular and humoral immune responses. Correlations of l0g10 
ELISPOT responses with log: S-specific ELISA titers, Iog10 RBD-specific ELISA titers, and 
log10 neutralizing antibody (NAb) titers on day 29. P and R values reflect two-sided Spearman 


rank-correlation tests. 


FIG. 142: Cumulative Incidence of Moleculariy Confirmed Moderate to Severe/Critical COVID- 
19 Cases with Onset at Least 1 Day after Vaccination, Full Analysis Set. 


FIG. 143: Cumulative Incidence of Moleculariy Confirmed Moderate to Severe/Critical COVID- 
19 Cases with Onset at Least 1 Day After Vaccination Until Day 29 by Serostatus; Full Analysis 
Set. 


FIG. 144: Cumulative Incidence of Moleculariy Confirmed Severe/Critical COVID-19 Cases with 


Onset at Least 1 Day after Vaccination, Full Analysis Set. 


FIG. 145: Force of infection. Placebo COVID-19 incidence rate in different countries. 


DETAILED DESCRIPTION 


DEFINITIONS 

As used herein, the term “about” means +/- 10% of the recited value. 

The terms “adenovirus vector” and “adenoviral vector” are used interchangeably and refer to a 
genetically-engineered adenovirus that is designed to insert a polynucleotide of interest (e.g., a 
polynucleotide encoding a 2019-nCoV immunogen) into a eukaryotic cell, such that the 


polynucleotide is subsequently expressed. Examples of adenoviruses that can be used as a 
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viral vector include those having, or derived from, the serotypes Ad2, Ad5, Ad11, Ad12, Ad24, 
Ad26, Ad34, Ad35, Ad40, Ad48, Ad49, Ad50, Ad52 (e.g., RhAd52), Ad59 (e.g., RhAd59), and 
Pan9 (also known as AdC68); these vectors can be derived from, for example, human, 
chimpanzee, or rhesus adenoviruses. In some embodimenis, the adenovirus is Ad26. 

The term “adjuvant” refers to a pharmacological or immunological agent that modifies the effect 
of other agents (e.g., vaccines) while having few if any direct effects when given by itself. They 
are often included in vaccines to enhance the recipient's immune response to a supplied 
antigen while keeping the injected foreign material at a minimum. 

As used herein, by “administering” is meant a method of giving a dosage of a pharmaceutical 
composition (e.g., an immunogenic composition (e.g., a vaccine (e.g., a Wuhan coronavirus 
(2019-nCovV/) vaccine))) to a subject. The compositions utilized in the methods described herein 
can be administered, for example, intramusculariy, intravenously, intradermally, percutaneously, 
intraarterially, intraperitoneally, intralesionally, intracranially, intraarticulariy, intraprostatically, 
intrapleurally, intratracheally, intranasally, intravitreally, intravaginally, intrarectally, topically, 
intratumorally, peritoneally, subcutaneously, subconjunctivally, intravesicularily, mucosally, 
intrapericardially, intraumbilically, intraoculariy, orally, topically, locally, by inhalation, by 
injection, by infusion, by continuous infusion, by localized perfusion bathing target cells directly, 
by catheter, by lavage, by gavage, in cremes, or in lipid compositions. The preferred method of 
administration can vary depending on various factors (e.g., the components of the composition 
being administered and the severity of the condition being treated). 

The terms “antibody” and “immunoglobulin (1g)” are used interchangeably in the broadest sense 
and include monoclonal antibodies (e.g., full-length or intact monoclonal antibodies), polyclonal 
antibodies, multivalent antibodies, multispecific antibodies (e.g., bispecific antibodies so long as 
they exhibit the desired biological activity) and may also include certain antibody fragments. An 
antibody typically comprises both “light chains” and “heavy chains.” The light chains of 
antibodies (immunoglobulins) from any vertebrate species can be assigned to one of two clearly 
distinct types, called kappa (k) and lambda (A), based on the amino acid sequences of their 
constant domains. Depending on the amino acid sequence of the constant domain of their 
heavy chains, immunoglobulins can be assigned to different classes. There are five major 
classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and several of these can be further 
divided into subclasses (isotypes), e.g., l[9G1, IgG2, lgG3, lgG4, lgA1, and IgA2. The heavy 
chain constant domains that correspond to the different classes of immunoglobulins are called 
a, O, €, Y, and u, respectively. The subunit structures and three-dimensional configurations of 


different classes of immunoglobulins are well known. 
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The term “codon” as used herein refers to any group of three consecutive nucleotide bases in a 
given messenger RNA molecule, or coding strand of DNA, that specifies a particular amino acid 
or a starting or stopping signal for translation. The term codon also refers to base triplets in a 
DNA strand. 

Throughout this specification and claims, the word “comprise, or variations such as “comprises” 
or “comprising,” will be understood to imply the inclusion of a stated integer or group of integers 
but not the exclusion of any other integer or group of integers. 

The term “convalescent” as used herein refers to subjects who have recovered or are 
recovering from a coronavirus infection (e.g., 2019-nCoV). A “cohort of convalescent humans” 
refers to a group of humans that share common characteristics (e.g., sex, age, weight, medical 
history, race, ethnicity, or environment) and have recovered or are recovering from a 
coronavirus infection (e.g., 2019-nCoV). Preferably, a cohort of convalescent humans will share 
common characteristics with a subject having a risk of 2019-nCov infection or suspected of 
being susceptible to a coronavirus infection. Preferably, samples from convalescent humans 
will be obtained at least 7 days after documented recovery (e.g., determined with a negative 
nasal swab). 

The terms “ectodomain” and “extracellular domain” refer to the portion of a coronavirus Spike 
polypeptide that extends beyond the transmembrane domain into the extracellular space. The 
ectodomain mediates binding of a Spike polypeptide to one or more coronavirus receptors (e.g., 
ACE2). For instance, an ectodomain includes the S1 domain (e.g., SEQ ID NO: 4) and RBD 
(e.g., SEQ ID NO: 5) of a Spike polypeptide. 

A “gene delivery vehicle” is defined as any molecule that can carry inserted polynucleotides into 
a host cell. Examples of gene delivery vehicles are liposomes, biocompatible polymers, 
including natural polymers and synthetic polymers; lipoproteins; polypeptides; polysaccharides; 
lipopolysaccharides; artificial viral envelopes; metal particles; and bacteria, or viruses, such as 
baculovirus, adenovirus and retrovirus, bacteriophage, cosmid, plasmid, fungal vectors and 
other recombination vehicles typically used in the art that have been described for expression in 
a variety of eukaryotic and prokaryotic hosts, and may be used for gene therapy as well as for 
simple protein expression. 


"Gene delivery," "gene transfer," and the like as used herein, are terms referring to the 
introduction of an exogenous polynucleotide (sometimes referred to as a "transgene") into a 
host cell, irrespective of the method used for the introduction. Such methods include a variety 
of techniques such as, for example, vector-mediated gene transfer (e.g., viral 


infection/transfection, or various other protein-based or lipid-based gene delivery complexes) as 
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well as techniques facilitating the delivery of "naked" polynucleotides (such as electroporation, 
"gene gun" delivery and various other techniques used for the introduction of polynucleotides). 
The introduced polynucleotide may be stably or transiently maintained in the host cell. Stable 
maintenance typically requires that the introduced polynucleotide either contains an origin of 
replication compatible with the host cell or integrates into a replicon of the host cell such as an 
extrachromosomal replicon (e.g., a plasmid) or a nuclear or mitochondrial chromosome. A 
number of vectors are capable of mediating transfer of genes to mammalian cells. 

By “gene product” is meant to include mRNAs or other nucleic acids (e.g., microRNAs) 
transcribed from a gene, as well as polypeptides translated from those mRNAs. In some 
embodiments, the gene product is from a virus (e.g., a 2019-nCovV) and may include, for 
example, any one or more of the viral proteins, or fragments thereof, described herein. 

By “heterologous nucleic acid molecule” is meant a nucleotide sequence that may encode 
proteins derived or obtained from pathogenic organisms, such as viruses, which may be 
incorporated into a polynucleotide or vector. Heterologous nucleic acids may also encode 
synthetic or artificial proteins, such as immunogenic epitopes, constructed to induce immunity. 
An example of a heterologous nucleic acid molecule is one that encodes one or more 
immunogenic peptides or polypeptides derived from a coronavirus (e.g., 2019-nCoV). The 
heterologous nucleic acid molecule is one that is not normally associated with the other nucleic 
acid molecules found in the polynucleotide or vector into which the heterologous nucleic acid 
molecule is incorporated. 

The term “host cell,” refers to cells into which an exogenous nucleic acid has been introduced, 
including the progeny of such cells. Host cells include “transformants” and “transformed cells,” 
which include the primary transformed cell and progeny derived therefrom without regard to the 
number of passages. Host cells include cells within the body of a subject (e.g., a mammalian 
subject (e.g., a human)) into which an exogenous nucleic acid has been introduced. 

By “immunogen” is meant any polypeptide that can induce an immune response in a subject 
upon administration. In some embodimenis, the immunogen is encoded by a nucleic acid 
molecule that may be incorporated into, for example, a polynucleotide or vector, for subsequent 
expression of the immunogen (e.9., a gene product of interest, or fragment thereof (e.g., a 
polypeptide)). 

The term “immunogenic composition” as used herein, is defined as material used to provoke an 
immune response and may confer immunity after administration of the immunogenic 


composition to a subject. 
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The term “immunostimulatory agent” refers to substances (e.g., drugs and nutrients) that 
stimulate the immune system by inducing activation or increasing activity of any of its 
components. An immunostimulatory agent includes a cytokine (e.g., the granulocyte 
macrophage colony-stimulating factor) and interferon (e.g., IFN-a and/or IFN-y). 

By “isolated” is meant separated, recovered, or purified from a component of its natural 
environment. For example, a nucleic acid molecule or polypeptide may be isolated from a 
component of its natural environment by 1% (2%, 3%, 4%, 5%, 6%, 7%, 8% 9% 10%, 20%, 
30%, 40%, 50%, 60% 70%, 80%, or 90%) or more. 

By “pharmaceutical composition” is meant any composition that contains a therapeutically or 
biologically active agent, such as an immunogenic composition or vaccine (e.g., a 2019-nCoV 
nucleic acid molecule, vector, and/or polypeptide), preferably including a nucleotide sequence 
encoding an antigenic gene product of interest, or fragment thereof, that is suitable for 
administration to a subject and that treats or prevents a disease (e.g., 2019-nCovV infection) or 
reduces or ameliorates one or more symptoms of the disease (e.g., 2019nCovV viral titer, viral 
spread, infection, and/or cell fusion)). For the purposes of this invention, pharmaceutical 
compositions include vaccines, and pharmaceutical compositions suitable for delivering a 
therapeutic or biologically active agent can include, for example, tablets, gelcaps, capsules, 
pills, powders, granulates, suspensions, emulsions, solutions, gels, hydrogels, oral gels, pastes, 
eye drops, ointments, creams, plasters, drenches, delivery devices, suppositories, enemas, 
injectables, implants, sprays, or aerosols. Any of these formulations can be prepared by well- 
known and accepted methods of art. See, for example, Remington: The Science and Practice 
of Pharmacy (21* ed.), ed. A.R. Gennaro, Lippincott Williams & Wilkins, 2005, and 
Encyclopedia of Pharmaceutical Technology, ed. J. Swarbrick, Informa Healthcare, 2006, each 
of which is hereby incorporated by reference. 

The terms “linked” or “links” or “link” as used herein are meant to refer to the covalent joining of 
two amino acid sequences or two nucleic acid sequences together through peptide or 
phosphodiester bonds, respectively, such joining can include any number of additional amino 
acid or nucleic acid segquences between the two amino acid sequences or nucleic acid 
sequences that are being joined. 

“Nucleic acid molecule” or “polynucleotide,” as used interchangeably herein, refer to polymers of 
nucleotides of any length, and include DNA and RNA. The nucileotides can be 
deoxyribonucleotides, ribonucleotides, modified nucleotides or bases, and/or their analogs, or 
any substrate that can be incorporated into a polymer by DNA or RNA polymerase, or by a 


synthetic reaction. A polynucleotide may comprise modified nucleotides, such as methylated 
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nucleotides and their analogs. If present, modification to the nucleotide structure may be 
imparted before or after assembly of the polymer. The sequence of nucleotides may be 
interrupted by non-nucleotide components. A polynucleotide may be further modified after 
synthesis, such as by conjugation with a label. 

A "nucleic acid vaccine" refers to a vaccine that includes a heterologous nucleic acid molecule 
under the control of a promoter for expression in a subject. The heterologous nucleic acid 
molecule can be incorporated into an expression vector, such as a plasmid. A “DNA vaccine” 
refers to a vaccine in which the nucleic acid is DNA. An “RNA vaccine” refers to a vaccine in 
which the nucleic acid is RNA (e.g., an mMRNA). 

A nucleic acid is “operably linked” when it is placed into a structural or functional relationship 
with another nucleic acid sequence. For example, one segment of DNA may be operably linked 
to another segment of DNA if they are positioned relative to one another on the same 
contiguous DNA molecule and have a structural or functional relationship, such as a promoter or 
enhancer that is positioned relative to a coding sequence so as to facilitate transcription of the 
coding sequence; a ribosome binding site that is positioned relative to a coding sequence so as 
to facilitate translation; or a pre-sequence or secretory leader that is positioned relative to a 
coding sequence so as to facilitate expression of a pre-protein (e.g., a pre-protein that 
participates in the secretion of the encoded polypeptide). In other examples, the operably linked 
nucleic acid sequences are not contiguous, but are positioned in such a way that they have a 
functional relationship with each other as nucleic acids or as proteins that are expressed by 
them. Enhancers, for example, do not have to be contiguous. Linking may be accomplished by 
ligation at convenient restriction sites or by using synthetic oligonucleotide adaptors or linkers. 
By “optimized” is meant an immunogenic polypeptide that is not a naturally-occurring peptide, 
polypeptide, or protein, such as a non-naturally occurring viral polypeptide (e.g., a Spike 
polypeptide). Optimized viral polypeptide sequences are initially generated by modifying the 
amino acid sequence of one or more naturally-occurring viral gene products (e.g., peptides, 
polypeptides, and proteins) to increase the breadth, intensity, depth, or longevity of the antiviral 
immune response (e.9., cellular or humoral immune responses) generated upon immunization 
(e.g., when incorporated into a composition, e.g., vaccine) of a subject (e.g., a human). Thus, 
the optimized viral polypeptide may correspond to a “parent viral gene sequence; alternatively, 
the optimized viral polypeptide may not correspond to a specific “parent” viral gene sequence 
but may correspond to analogous sequences from various strains or quasi-species of a virus. 
Modlifications to the viral gene sequence that can be included in an optimized viral polypeptide 


include amino acid additions, substitutions, and deletions. In one embodiment, the optimized 
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polypeptide is a Spike polypeptide, which has been further altered to include a leader/signal 
sequence (e.g., a Spike signal sequence or a tPA signal sequence) for maximal protein 
expression, a factor Xa site, a foldon trimerization domain (see, e.g., SEQ ID NO: 87), and/or 
linker or spacer (e.g., SEQ ID NOs: 88 or 89) sequences. An optimized polypeptide may, but 
need not, also include a cleavage site mutation(s) (e.g., a furin cleavage site mutation (e.9., 
SEQ ID NO:91)). Methods of generating an optimized viral polypeptide are described in, e.g,, 
Fisher et al. “Polyvalent Vaccine for Optimal Coverage of Potential T-Cell Epitopes in Global 
HIV-1 Variants,” Nat. Med. 13(1):100-106 (2007) and International Patent Application 
Publication WO 2007/024941, herein incorporated by reference. Once the optimized viral 
polypeptide sequence is generated, the corresponding polypeptide can be produced or 
administered by standard techniques (e.g., recombinant viral vectors, such as the adenoviral 
vectors disclosed in International Patent Application Publications WO 2006/040330 and WO 
2007/104792, herein incorporated by reference) and optionally assembled to form a stabilized 
polypeptide trimer. 

The terms “optimized codon” and “codon optimized” as used herein refer to a codon sequence 
that has been modified to match codon frequencies in a target (e.g., a subject) or host 
organism, but that does not alter the amino acid sequence of the original translated protein. 

By “pharmaceutically acceptable diluent, excipient, carrier, or adjuvant” is meant a diluent, 
excipient, carrier, or adjuvant that is physiologically acceptable to the subject while retaining the 
therapeutic properties of the pharmaceutical composition with which it is administered. One 
exemplary pharmaceutically acceptable carrier is physiological saline. Other physiologically 
acceptable diluents, excipients, carriers, or adjuvants and their formulations are known to one 
skilled in the art (see, e.g., U.S. Pub. No. 2012/0076812). 

By “portion” or “fragment” is meant a part of a whole. A portion may comprise at least 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95% of the entire length of a polynucleotide or 
polypeptide sequence region. For polynucleotides, for example, a portion may include at least 
5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 
1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800 or more contiguous nucleotides of a 
reference polynucleotide molecule. For polypeptides, for example, a portion may include at 
least 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 50, 75, 90, 100, 125, 150, 175, 
200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 525, 550, 575, or 600 or more 
continuous amino acids of a reference polypeptide molecule. 

In some instances, a fragment of a nucleic acid molecule may include at least 20, 30, 40, 50, 
60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 
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1500, 1600, 1700 or more consecutive nucleotides of the polynucleotide SS-Spike (SEQ ID NO: 
121). In some instances, a fragment of a nucleic acid molecule may include at least 20, 30, 40, 
50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 
1500, 1600, 1700 or more consecutive nucleotides of the polynucleotide SS-Spike-dF-PP (SEQ 
ID NOs: 143 and 204). In some instances, a fragment of a nucleic acid molecule may include at 
least 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 
1200, 1300, 1400, 1500, or more consecutive nucleotides of the polynucleotide SS-SaCT (SEQ 
ID NO: 122). In some instances, a fragment of a nucleic acid molecule may include at least 20, 
30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 
1400, or more consecutive nucleotides of the polynucleotide SS-S.Ecto (SEQ ID NO: 123). In 
some instances, a fragment of a nucleic acid molecule may include at least 20, 30, 40, 50, 60, 
70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 
or more consecutive nucleotides of the polynucleotide SS-S1-foldon (SEQ ID NO: 129). In 
some instances, a fragment of a nucleic acid molecule may include at least 20, 30, 40, 50, 60, 
70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, or more 
consecutive nucleotides of the polynucleotide SS-RBD-foldon (SEQ ID NO: 130). In some 
instances, a fragment of a nucleic acid molecule may include at least 20, 30, 40, 50, 60, 70, 80, 
90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, or more consecutive 
nucleotides of the polynucleotide SS-S.Ecto-dF-foldon (SEQ ID NO: 136 or 193). In some 
instances, a fragment of a nucleic acid molecule may include at least 5, 6, 7, 8, 9, 10, 20, 30, 
40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 
1400, 1500, 1600, 1700, 1800, 1900, 2000, or more consecutive nucleotides of the 
polynucleotide SS-S.Ecto-PP-foldon (SEQ ID NO: 142). In some instances, a fragment of a 
nucleic acid molecule may include at least 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 
200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 
1900, 2000, or more consecutive nucleotides of the polynucleotide SS-S.Ecto-dF-PP-foldon 
(SEQ ID NO: 195). 

In some instances, a fragment of a polypeptide may include at least 20, 25, 50, 75, 90, 100, 
125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 525, 550, or 
more consecutive amino acids of polypeptide SS-Spike (SEQ ID NO: 29). In some instances, a 
fragment of a polypeptide may include at least 20, 25, 50, 75, 90, 100, 125, 150, 175, 200, 225, 
250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, or more consecutive amino acids of 
polypeptide SS-SaCT (SEQ ID NO: 30). In some instances, a fragment of a polypeptide may 
include at least 20, 25, 50, 75, 90, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 
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400, 425, 450, 475, 500, or more consecutive amino acids of polypeptide SS-Spike-dF-PP 
(SEQ ID NO: 51). In some instances, a fragment of a polypeptide may include at least 20, 25, 
50, 75, 90, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, or 
more consecutive amino acids of polypeptide SS-S.Ecto (SEQ ID NO: 31). In some instances, 
a fragment of a polypeptide may include at least 20, 25, 50, 75, 90, 100, 125, 150, 175, 200, 
225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, or more consecutive amino acids of 
polypeptide SS-S1-foldon (SEQ ID NO: 37). In some instances, a fragment of a polypeptide 
may include at least 20, 25, 50, 75, 90, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 
375, 400, 425, 450, 475, 500, or more consecutive amino acids of polypeptide SS-RBD-foldon 
(SEQ ID NO: 38). In some instances, a fragment of a polypeptide may include at least 20, 25, 
50, 75, 90, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, or more 
consecutive amino acids of polypeptide SS-S.Ecto-dF-foldon (SEQ ID NO: 44). In some 
instances, a fragment of a polypeptide may include at least 20, 25, 50, 75, 90, 100, 125, 150, 
175, 200, 225, 250, 275, 300, 325, 350, 375, 400, or more consecutive amino acids of 
polypeptide S.Ecto-PP-foldon (SEQ ID NO: 50). In some instances, a fragment of a polypeptide 
may include at least 20, 25, 50, 75, 90, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 
375, 400, 425, 450, 475, 500, 525, 550, 575, 600, 625, 650, 675, or more consecutive amino 
acids of polypeptide SS-S.Ecto-dF-PP-foldon (SEQ ID NO: 56). In some instances, a fragment 
of a polypeptide may include at least 20, 25, 50, 75, 90, 100, 125, 150, 175, 200, 225, 250, 275, 
300, 325, 350, 375, 400, 425, 450, 475, 500, 525, 550, 575, 600, 625, 650, 675, or more 
consecutive amino acids of polypeptide prM-Env with JEV Stem/TM (SEQ ID NO: 27). 

In some instances, administration of a fragment of a polynucleotide (e.g., SEG ID NOs: 93-181, 
190-195, and 199-204) and/or a polypeptide (e.g., SEQ ID NOs: 1-84, e.g., SEQ ID NO: 51)toa 
subject may illicit an immune response in the subject. 

A “promoter” is a nucleic acid sequence enabling the initiation of the transcription of a gene 
sequence in a messenger RNA, such transcription being initiated with the binding of an RNA 
polymerase on or nearby the promoter. 

By “promotes an immune response” is meant eliciting a humoral response (e.g., the production 
of antibodies) or a cellular response (e.g., the activation of T cells, macrophages, neutrophils, 
and/or natural killer cells) directed against, for example, one or more infective agents (e.9., a 
virus (e.g., a 2019-nCovV/)) or protein targets in a subject to which the pharmaceutical 
composition (e.g., an immunogenic composition or vaccine) has been administered. 

The term "2019-nCoV-mediated disease," used interchangeably with "Coronavirus disease 


2019 (COVID-19)" herein, as well as grammatical variants thereof, refers to any pathology or 
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sequelae known in the art to be caused by (alone or in association with other mediators), 
exacerbated by, or associated with 2019-nCovV (SARS-CovV-2) infection or exposure in the 
subject having the disease. Disease can be acute (e.g., fever) or chronic (e.g., chronic fatigue), 
mild (e.g., hair loss) or severe (e.g., organ failure), and early-onset (e.g., 2-14 days post- 
infection) or late-onset (e.g., 2 weeks post-infection). Non-limiting examples of severe disease 
include pneumonia, acute respiratory distress syndrome (ARDS), acute respiratory failure, 
pulmonary edema, organ failure, or death. Non-limiting examples of symptoms include weight 
loss, fever, cough, difficulty breathing, fatigue, headache, loss of taste or smell, hair loss, rash, 
sore throat, nausea, and diarrhea. Symptoms can be mild or severe (e.g., weight loss of greater 
than about 5% within a week and high fever) and temporary or permanent. 

A “protective level” refers to an amount or level of a marker (e.g., an antibody, a cell (e.g., an 
immune cell, e.g., aT cell, a B cell, an NK cell, ora neutrophil)) that is indicative of partial or 
complete protection from coronavirus infection or disease. An amount or level of a marker that 
is above the protective level indicates protection from coronavirus infection (e.g., a 2019%-nCoV 
infection) or disease (e.g., a 2019-nCoV-mediated disease, e.g., COVID-19, e.g., severe 
COVID-19 disease). An amount or level of a marker that is below the protective level indicates 
susceptibility to coronavirus infection or disease (e.g., a 2019-nCoV-mediated disease, e.g., 
COVID-19, e.g., severe clinical disease). The marker may be a single measure (e.g., 
neutralizing antibody level) or the marker may be a combination of multiple measures (e.g., 
neutralizing antibody level and RBD-specific IgG2 level). In some instances, the protective level 
is an anti-coronavirus antibody titer of at least about 70 as measured using the pseudovirus 
neutralization assay described herein, an anti-coronavirus antibody titer of at least about 25 as 
measured using the live virus neutralization assay described herein, or an anti-coronavirus 
antibody titer that is above a level of at least about 80% of a median or mean level of a cohort of 
convalescent humans as determined by a pseudovirus neutralization assay or live virus 
neutralization assay as described herein. In some instances, the protective level is an anti- 
coronavirus antibody titer of at least about 100 as measured using the pseudovirus 
neutralization assay described herein. 

As used herein, the term “sample” is a composition that is obtained or derived from a subject 
that contains a cellular and/or other molecular entity that is to be characterized and/or identified, 
for example based on physical, biochemical, chemical and/or physiological characteristics. A 
sample may be solid tissue as from a fresh, frozen, and/or preserved organ, tissue sample, 
biopsy, and/or aspirate; blood or any blood constituents such as plasma; bodily fluids such as 


cerebral spinal fluid, amniotic fluid, peritoneal fluid, or interstitial fluid. The sample may also be 
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primary or cultured cells or cell lines. The sample may contain compounds which are not 
naturally intermixed with the tissue in nature such as preservatives, anticoagulants, buffers, 
fixatives, wax, nutrients, antibiotics, or the like. 

By “sequence identity” or “sequence similarity” is meant that the identity or similarity, 
respectively, between two or more amino acid sequences, or two or more nucleotide 
sequences, is expressed in terms of the identity or similarity between the sequences. 
Sequence identity can be measured in terms of “percentage (%) identity,” in which a higher 
percentage indicates greater identity shared between the sequences. Sequence similarity can 
be measured in terms of percentage similarity (which takes into account conservative amino 
acid substitutions); the higher the percentage, the more similarity shared between the 
sequences. Homologs or orthologs of nucleic acid or amino acid sequences possess a 
relatively high degree of sequence identity/similarity when aligned using standard methods. 
Sequence identity may be measured using sequence analysis software on the default setting 
(e.g., Sequence Analysis Software Package of the Genetics Computer Group, University of 
Wisconsin Biotechnology Center, 1710 University Avenue, Madison, WI 53705). Such software 
may match similar sequences by assigning degrees of homology to various substitutions, 
deletions, and other modifications. Sequence identity/similarity can be determined across all or 
a defined portion of the two or more sequences compared. 

By “signal peptide” is meant a short peptide (e.g., 5-30 amino acids in length, such as 17 amino 
acids in length, e.g., SEQ ID NO: 92) at the N-terminus of a polypeptide that directs a 
polypeptide towards the secretory pathway (e.g., the extracellular space). The signal peptide is 
typically cleaved during secretion of the polypeptide. The signal sequence may direct the 
polypeptide to an intracellular compartment or organelle, e.g., the Golgi apparatus. A signal 
sequence may be identified by homology, or biological activity, to a peptide with the known 
function of targeting a polypeptide to a particular region of the cell. One of ordinary skill in the 
art can identify a signal peptide by using readily available software (e.g., Sequence Analysis 
Software Package of the Genetics Computer Group, University of Wisconsin Biotechnology 
Center, 1710 University Avenue, Madison, Wis. 53705, BLAST, or PILEUP/PRETTYBOX 
programs). A signal peptide can be one that is, for example, substantially identical to the amino 
acid sequence of SEQ ID NO: 92. 

As used herein, the phrase “specifically binds” refers to a binding reaction which is 
determinative of the presence of an antigen in a heterogeneocus population of proteins and other 
biological molecules that is recognized, e.g., by an antibody or antigen-binding fragment thereof, 


with particularity. An antibody or antigen-binding fragment thereof that specifically binds to an 
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antigen will bind to the antigen with a Ko of less than 100 nM. For example, an antibody or 
antigen-binding fragment thereof that specifically binds to an antigen will bind to the antigen with 
a Ko of up to 100 nM (e.g., between 1 pM and 100 nM). An antibody or antigen-binding 
fragment thereof that does not exhibit specific binding to a particular antigen or epitope thereof 
will exhibit a Ko of greater than 100 nM (e.g., greater than 500 nm, 1 uM, 100 uM, 500 uM, or 1 
mM) for that particular antigen or epitope thereof. A variety of immunoassay formats may be 
used to select antibodies specifically immunoreactive with a particular protein or carbohydrate. 
For example, solid-phase ELISA immunoassays are routinely used to select antibodies 
specifically immunoreactive with a protein or carbohydrate. See, Harlow & Lane, Antibodies, A 
Laboratory Manual, Cold Spring Harbor Press, New York (1988) and Harlow & Lane, Using 
Antibodies, A Laboratory Manual, Cold Spring Harbor Press, New York (1999), for a description 
of immunoassay formats and conditions that can be used to determine specific 
immunoreactivity. 

As used herein, the term “stabilized polypeptide trimer” or “stabilized trimer” refers, but is not 
limited to, an oligomer that includes a protein and/or polypeptide sequence that increases the 
stability (e.g. via the presence of one or more oligomerization domains) of the trimeric structure 
(e.9., reduces dissociation of a trimer into monomeric units). The stabilized polypeptide trimer, 
for example, may be a homotrimer. An “oligomerization domain” refers, but is not limited to, a 
polypeptide sequence that can be used to increase the stability of an oligomeric envelope 
protein such as, e.g., to increase the stability of a Spike trimer. Oligomerization domains can be 
used to increase the stability of homooligomeric polypeptides as well as heterooligomeric 
polypeptides. Oligomerization domains are well known in the art and include “trimerization 
domains.” A trimerization domain refers to an oligomerization domain that stabilizes trimeric 
polypeptides (e.g., trimers consisting of one or more of the Spike polypeptides). Examples of 
trimerization domains include, but are not limited to, the T4-fibritin “foldon” trimerization domain; 
the coiled-coil trimerization domain derived from GCN4 (Yang et al. (2002) J. Virol. 76:4634); 
and the catalytic subunit of E. col; aspartate transcarbamoylase as a trimer tag (Chen et al. 
(2004) J. Virol. 78:4508). 

A “subject” is a vertebrate, such as a mammal (e.g., a primate and a human, in particular a 
human with underlying health conditions (e.g., hypertension, diabetes, or cardiovascular 
disease)). Mammals also include, but are not limited to, farm animals (such as cows), sport 
animals (e.g., horses), pets (such as cats, and dogs), mice, rats, bats, civets, and raccoon dogs. 
A subject to be treated according to the methods described herein (e.g., a subject in need of 


protection from a 2019-nCov infection or having a 2019-nCov infection may be one who has 
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been diagnosed by a medical practitioner as having such a need or infection. Diagnosis may be 
performed by any suitable means. A subject in whom the development of an infection is being 
prevented may or may not have received such a diagnosis. One skilled in the art will 
understand that a subject to be treated according to the present invention may have been 
subjected to standard tests or may have been identified, without examination, as one with a 
suspected infection or at high risk of infection due to the presence of one or more risk factors 
(e.g., exposure to a 2019-nCovV, for example, due to travel to an area where 2019-nCoV 
infection is prevalent). Additionally, humans with underlying health conditions (e.9., 
hypertension, diabetes, or cardiovascular disease) are identified as subjects at high risk of 
infection with a coronavirus (e.g., 2019-nCoV). The methods of treating a human subject with a 
composition are, therefore, particularly useful in treating, reducing, and/or preventing a 2019- 
nCovV infection in humans with underlying health conditions. 

As used herein, the term “transfection” refers to any of a wide variety of techniques commonly 
used for the introduction of an exogenous nucleic acid molecule (e.g., DNA, such as an 
expression vector) into a prokaryotic or eukaryotic host cell, e.g., electroporation, lipofection, 
calcium- phosphate precipitation, DEAE- dextran transfection, and the like. 

As used herein, and as well understood in the art, “treatment” is an approach for obtaining 
beneficial or desired results, such as clinical results. Beneficial or desired results can include, 
but are not limited to, alleviation or amelioration of one or more symptoms (e.9., fever, joint pain, 
rash, conjunctivitis, muscle pain, headache, retro-orbital pain, edema, lymphadenopathy, 
malaise, asthenia, sore throat, cough, nausea, vomiting, diarrhea, and hematospermia) or 
conditions (Zammarchi et al., J. Clin. Virol. 63:32-5, 2015; Waddell et al., PLoS One 11(5): 
e0156376, 2016); diminishment of the extent of disease, disorder, or condition; stabilization 
(e.g., not worsening) of a state of disease, disorder, or condition; prevention of spread of 
disease, disorder, or condition; delay or slowing the progress of the disease, disorder, or 
condition; amelioration or palliation of the disease, disorder, or condition; and remission 
(whether partial or total), whether detectable or undetectable. “Palliating” a disease, disorder, or 
condition means that the extent and/or undesirable clinical manifestations of the disease, 
disorder, or condition are lessened and/or the time course of the progression is slowed or 
lengthened, as compared to the extent or time course in the absence of treatment. A treatment 
can include one or more therapeutic agents, such as one or more of the compositions described 
herein and/or one or more additional therapeutic agents. Additional therapeutic agents can 


include agents that stimulate (e.g., interferons) or inhibit (e.g., an anti-inflammatory agent, such 
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as corticosteroids, e.g., dexamethasone) the immune response. A treatment can include one or 
more therapeutic interventions, such as surgery or prone positioning. 

The term “vaccine” as used herein, is defined as material used to provoke an immune response 
and that confers immunity for a period of time after administration of the vaccine to a subject. 
By “vector” is meant a DNA construct that includes one or more polynucileotides, or fragments 
thereof, such as from a viral species, such as a 2019-nCovV species. The vector can be used to 
infect cells of a subject, which results in the translation of the polynucleotides of the vector into a 
protein product. One type of vector is a “plasmid,” which refers to a circular double stranded 
DNA loop into which additional DNA segments may be ligated. Certain vectors are capable of 
autonomous replication in a host cell into which they are introduced (e.g., bacterial vectors 
having a bacterial origin of replication and episomal mammalian vectors). Other vectors (e.g., 
non-episomal mammalian vectors) can be integrated into the genome of a host cell upon 
introduction into the host cell, and thereby are replicated along with the host genome. 
Moreover, certain vectors are capable of directing the expression of genes to which they are 
operatively linked. Such vectors are referred to herein as “recombinant expression vectors” (or 
simply, “recombinant vectors”). In general, expression vectors of utility in recombinant DNA 
techniques are often in the form of plasmids. In the present specification, “plasmid” and “vector” 
may, at times, be used interchangeably as the plasmid is the most commonly used form of 
vector. Other vectors include, e.g., viral vectors, such as adenoviral vectors (e.g., an Ad26 
vector), in particular, those described herein. 

The term “virus,” as used herein, is defined as an infectious agent that is unable to grow or 
reproduce outside a host cell and that infects mammals (e.g., humans). 

A “viral vector” is defined as a recombinantly produced virus or viral; particle that comprises a 
polynucileotide to be delivered into a host cell. Examples of viral vectors include retroviral 
vectors, adenovirus vectors, adeno-associated virus vectors (e.g., see PCT publication no. WO 
2006/002203), alphavirus vectors and the like. 

In aspects where gene transfer is mediated by a DNA viral vector, such as an adenovirus (Ad 
(e.g., Ad26)) or adeno-associated virus (AAV), a vector construct refers to the polynucleotide 
comprising the viral genome or part thereof, and a transgene. Ads are a relatively well 
characterized, homogenous group of viruses, including over 50 serotypes (WO 95/27071). Ads 
are easy to grow and do not require integration into the host cell genome. Recombinant Ad 
derived vectors, particularly those that reduce the potential for recombination and generation of 
wild-type virus, have also been constructed (WO 95/00655 and WO 95/11984). Vectors that 


contain both a promoter and a cloning site into which a polynucleotide can be operatively linked 
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are known in the art. Such vectors are capable of transcribing RNA in vitro or in vivo. To 
optimize expression and/or in vitro transcription, it may be necessary to remove, add or alter 5' 
and/or 3' untranslated portions of the clones to eliminate extra, potential inappropriate 
alternative translation initiation codons or other sequences that may interfere with or reduce 
expression, either at the level of transcription or translation. 

Other features and advantages will be apparent from the following Detailed Description, the 


drawings, and the claims. 


DETAILED DESCRIPTION OF THE INVENTION 


The invention provides an isolated nucleic acid molecule comprising a nucleotide sequence that 
encodes a 2019-NCOV Spike (S) protein (also referred to as SARS-Cov-2 S protein herein) 
comprising the following modifications to the full-length amino acid sequence of SEQ ID NO: 29: 

a. stabilising mutations to proline at amino acids 986 and 987; and 

b. mutations to the furin cleavage site (SEQ ID NO: 90). 
SEQ ID NO: 29 provides the amino acid sequence of the full-length 2019-NCOV Spike (S) 
protein; see also NCBI Reference Sequence: YP_009724390.1. The stabilising mutations are 
from the original amino acid in this sequence to proline. The original amino acid at position 986 
is Iysine (Iys, K) and at position 987 is valine (val, V) as shown in SEQ ID NO: 29. 
The furin cleavage site within the 2019-NCOV Spike (S) protein comprises, or has, the amino 
acid sequence RARR (SEQ ID NO: 90). Suitable mutations may comprise mutation to SRAG 
(SEQ ID NO: 225) or GGSG (SEQ ID NO: 91). The SRAG mutation is achieved by introducing a 
R682S and a R685G mutation into the amino acid sequence. The GGSG mutation is achieved 
by introducing a R682G, a R683G, a A684S and a R685G mutation into the amino acid 
sequence. 
In some embodiments, these are the only modifications made to the sequence of SEQ ID NO: 
29. Thus, a preferred nucleic acid molecule encodes a full-length 2019-NCOV Spike (S) protein 
with the stabilising mutations and mutations to the furin cleavage site as the only modifications. 
In other embodiments, the isolated nucleic acid molecule encodes a 2019-NCOV Spike (S) 
protein that comprises the following further modification to the full-length amino acid sequence 
of SEQ ID NO: 29: 

C. deletion of the signal sequence. 
In some embodiments, the nucleic acid encoding the 2019-NCOV Spike (S) protein is operably 


linked to a cytomegalovirus (CMV) promoter, preferably the CMV immediate early promoter. In 
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some embodiments, the nucleic acid encoding the 2019-NCOV Spike (S) protein is operably 
linked to a cytomegalovirus (CMV) promoter comprising at least one tetracycline operator 
(TetO) motif. In specific embodiments, the CMV promoter comprising at least one TetO motif 
comprises a nucleotide sequence of SEQ ID NO: 219. In some embodiments, the CMV 
promotor consists of the nucleotide sequence of SEQ ID NO: 219. These nucleic acids typically 
form part of a vector. Vectors are described in further detail herein. 
The invention also provides an isolated 2019-NCOV Spike (S) protein (also referred to as 
SARS-Cov-2 S protein herein) comprising the following modifications to the full-length amino 
acid sequence of SEQ ID NO: 29: 

a. stabilising mutations to proline at amino acids 986 and 987; and 

b. mutations to the furin cleavage site (SEQ ID NO: 90). 
In some embodiments, these are the only modifications made to the sequence of SEQ ID NO: 
29. In other embodiments the isolated 2019-NCOV Spike (S) protein comprises the following 
further modification to the full-length amino acid sequence of SEQ ID NO: 29: 

C. deletion of the signal sequence. 
The term 'recombinant for a nucleic acid, protein and/or adenovirus, as used herein implicates 
that it has been modified by the hand of man, e.g. in case of an adenovector it has altered 
terminal ends actively cloned therein and/or it comprises a heterologous gene, i.e. itis nota 
naturally occurring wild type adenovirus. 
Nucleotide sequences herein are provided from 5 to 3' direction, as custom in the art. 
The Coronavirus family contains the genera A/phacoronavirus, Betacoronavirus, 
Gammacoronavirus, and Deltacoronavirus. All of these genera contain pathogenic viruses that 
can infect a wide variety of animals, including birds, cats, dogs, cows, bats, and humans. These 
viruses cause a range of diseases including enteric and respiratory diseases. The host range is 
primarily determined by the viral spike protein (S protein), which mediates entry of the virus into 
host cells. Coronaviruses that can infect humans are found both in the genus A/phacoronavirus 
and the genus Betacoronavirus. Known coronaviruses that cause respiratory disease in humans 
are members of the genus Betacoronavirus. These include SARS-CovV-1, SARS-Cov-2 and 
MERS, OC43 and HKU1. 
As described above, SARS-Cov-2 can cause severe respiratory disease in humans. A safe and 
effective SARS-Cov-2 vaccine may be required to end the COVID-19 pandemic. 
The SARS Cov-2 viral spike (S) protein binds to angiotensin-converting enzyme 2 (ACE2), 
which is the entry receptor utilized by SARS-Cov-2. ACE2 is a type | transmembrane 


metallocarboxypeptidase with homology to ACE, an enzyme long-known to be a key player in 
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the Renin-Angiotensin system (RAS) and a target for the treatment of hypertension. It is 
expressed in, inter alia, vascular endothelial cells, the renal tubular epithelium, and in Leydig 
cells in the testes. PCR analysis revealed that ACE-2 is also expressed in the lung, kidney, and 
gastrointestinal tract, tissues shown to harbor SARS-Cov-2. The spike (S) protein of 
coronaviruses is a major surface protein and target for neutralizing antibodies in infected 
patients (Lester et al., Access Microbiology 2019;1) and is therefore considered a potential 
protective antigen for vaccine design. In the research that led to the present invention, several 
antigen constructs based on the S protein of the SARS-Cov-2 virus were designed. It was 
surprisingly found that the nucleic acid of the invention (i.e. SEQ ID NO: 211) was superior in 
immunogenicity when expressed and that adenovectors containing this nucleic acid could be 
manufactured in high yields. An Ad26 vector containing a nucleic acid encoding the SARS Cov- 
2 S protein of SEQ ID NO: 205 induced robust neutralizing antibody responses and provided 
complete protection in bronchoalveolar lavage and or near-complete protection in nasal swabs 
following SARS-Cov-2 challenge. In addition, as shown in the Examples, it showed a robust 
single-shot vaccine protection against SARS-Cov-2 in nonhuman primates. 

In one aspect, the present invention thus provides isolated and/or recombinant nucleic acids 
encoding a stabilized coronavirus S protein, in particular a SARS-CovV-2 S protein, said nucleic 
acids comprising a nucleotide sequence selected from the group consisting of SEQ ID NO: 211- 
218, or fragments thereof. 

In a preferred embodiment, the present invention provides an isolated and/or recombinant 
nucleic acid encoding a stabilized coronavirus S protein, in particular a SARS-Cov-2 S protein, 
said nucleic acid comprising, or consisting of, a nucleotide sequence of SEQ ID NO: 211, or 
fragments thereof. 

The invention also provides isolated and/or recombinant coronavirus S proteins comprising an 
amino acid sequence selected from the group consisting of SEQ ID NO: 205-210, or fragments 
thereof, as well as to nucleic acids encoding such coronavirus S proteins, or fragments thereof. 
In a preferred embodiment, the invention provides an isolated and/or recombinant coronavirus S 
protein comprising an amino acid sequence of SEQ ID NO: 205, or fragments thereof, as well 
as to nucleic acids encoding such coronavirus S proteins, or fragments thereof. The S protein 
may or may not comprise the signal peptide (or leader sequence). The signal peptide may 
comprise the amino acids 1-13 of SEQ ID NO: 205. In certain embodiments, the coronavirus S 
protein consists of an amino acid sequence of SEQ ID NO: 205. In certain embodiments, the 
coronavirus S protein consists of an amino acid sequence of SEQ ID NO: 205 without the signal 
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It is understood by a skilled person that numerous different nucleic acids can encode the same 
polypeptide or protein as a result of the degeneracy of the genetic code. It is also understood 
that skilled persons may, using routine techniques, make nucleotide substitutions that do not 
affect the amino acid sequence encoded by the nucleic acids, to reflect the codon usage of any 
particular host organism in which the polypeptides are to be expressed. Therefore, unless 
otherwise specified, a “nucleotide sequence encoding an amino acid sequence” includes all 
nucleotide sequences that are degenerate versions of each other and that encode the same 
amino acid sequence. Nucleotide sequences that encode proteins and RNA may include 
introns. 

The invention thus also provides nucleic acids encoding a coronavirus S protein, in particular a 
SARS-Cov-2 S protein, of SEQ ID NO: 205, or a fragment thereof. In certain embodiments, the 
nucleic acid is codon optimized for expression in human cells. 

The term “fragment” as used herein refers to a protein or (poly)peptide that has an amino- 
terminal and/or carboxy-terminal and/or internal deletion, but where the remaining amino acid 
sequence is identical to the corresponding positions in the sequence of a SARS-Cov-2 S 
protein, for example, the full-length sequence of a SARS-Cov-2 S protein. It will be appreciated 
that for inducing an immune response and in general for vaccination purposes, a protein does 
not need to be full length nor have all its wild type functions, and fragments of the protein (i.e. 
without signal peptide) are equally useful. 

A fragment according to the invention is an immunologically active fragment, and typically 
comprises at least 15 amino acids, or at least 30 amino acids, of the SARS-Cov-2 S protein. In 
certain embodiments, it comprises at least 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 
or 550 amino acids, of the SARS-Cov-2 S protein. 

The person skilled in the art will also appreciate that changes can be made to a protein, e.g., by 
amino acid substitutions, deletions, additions, etc., e.g., using routine molecular biology 
procedures. Generally, conservative amino acid substitutions may be applied without loss of 
function or immunogenicity of a polypeptide. This can easily be checked according to routine 
procedures well known to the skilled person. 

The present invention further provides a vector comprising a nucleic acid segquence according to 
the invention. 

In certain embodiments of the invention, the vector is an adenovirus vector, such as a 
recombinant human adenoviral vector. An adenovirus according to the invention belongs to the 
family of the Adenoviridae, and preferably is one that belongs to the genus Mastadenovirus. It 


can be a human adenovirus, but also an adenovirus that infects other species, including but not 


- 63 - 


10 


15 


20 


25 


30 


WO 2021/155323 PCT/US2021/015946 


limited to a bovine adenovirus (e.g., bovine adenovirus 3, BAdV3), a canine adenovirus (e.9., 
CAdV2), a porcine adenovirus (e.g., PAdV3 or 5), or a simian adenovirus (which includes a 
monkey adenovirus and an ape adenovirus, such as a chimpanzee adenovirus or a gorilla 
adenovirus). Preferably, the adenovirus is a human adenovirus (HAdV, or AdHu), or a simian 
adenovirus such as chimpanzee or gorilla adenovirus (ChAd, AdCh, or SAdV), or a rhesus 
monkey adenovirus (RhAd). In the invention, a human adenovirus is meant if referred to as Ad 
without indication of species, e.g., the brief notation “Ad26” means the same as HAdV26, which 
is human adenovirus serotype 26. Also as used herein, the notation “rAd” means recombinant 
adenovirus, e.9., “rAd26” refers to recombinant human adenovirus 26. 

Most advanced studies have been performed using human adenoviruses, and human 
adenoviruses are preferred according to certain aspects of the invention. In certain preferred 
embodiments, a recombinant adenovirus according to the invention is based upon a human 
adenovirus. In preferred embodiments, the recombinant adenovirus is based upon a human 
adenovirus serotype 5, 11, 26, 34, 35, 48, 49, 50, 52, etc. According to a particularly preferred 
embodiment of the invention, an adenovirus is a human adenovirus of serotype 26. Advantages 
of these serotypes include a low seroprevalence and/or low pre-existing neutralizing antibody 
titers in the human population, and experience with use in human subjects in clinical trials. 
Simian adenoviruses generally also have a low seroprevalence and/or low pre-existing 
neutralizing antibody titers in the human population, and a significant amount of work has been 
reported using chimpanzee adenovirus vectors (e.g., US6083716; WO 2005/071093; WO 
2010/086189; WO 2010/085984; Farina et al, 2001, J Virol 75: 11603-13; Cohen et al, 2002, J 
Gen Virol 83: 151-55; Kobinger et al, 2006, Virology 346: 394-401; Tatsis et al., 2007, Molecular 
Therapy 15: 608-17; see also review by Bangari and Mittal, 2006, Vaccine 24: 849-62; and 
review by Lasaro and Ertl, 2009, Mol Ther 17: 1333-39). Hence, in other embodimenis, the 
recombinant adenovirus according to the invention is based upon a simian adenovirus, e.g. a 
chimpanzee adenovirus. In certain embodiments, the recombinant adenovirus is based upon 
simian adenovirus type 1, 7, 8, 21, 22, 23, 24, 25, 26, 27.1, 28.1, 29, 30, 31.1, 32, 33, 34, 35.1, 
36, 37.2, 39, 40.1, 41.1, 42.1, 43, 44, 45, 46, 48, 49, 50 or SA7P. In certain embodiments, the 
recombinant adenovirus is based upon a chimpanzee adenovirus such as ChAdOx 1 (see, e.g,, 
WO 2012/172277), or ChAdOx 2 (see, e.g., WO 2018/215766). In certain embodiments, the 
recombinant adenovirus is based upon a chimpanzee adenovirus such as BZ28 (see, e.g., WO 
2019/086466). In certain embodiments, the recombinant adenovirus is based upon a gorilla 
adenovirus such as BLY6 (see, e.g., WO 2019/086456), or BZ1 (see, e.g., WO 2019/086466). 
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In a preferred embodiment of the invention, the adenoviral vectors comprise capsid proteins 
from rare serotypes, e.g. including Ad26. In the typical embodiment, the vector is an rAd26 
virus. An “adenovirus capsid protein” refers to a protein on the capsid of an adenovirus (e.g., 
Ad26, Ad35, rAd48, rAd5HVR48 vectors) that is involved in determining the serotype and/or 
tropism of a particular adenovirus. Adenoviral capsid proteins typically include the fiber, penton 
and/or hexon proteins. As used herein a “capsid protein” for a particular adenovirus, such as an 
“Ad26 capsid protein” can be, for example, a chimeric capsid protein that includes at least a part 
of an Ad26 capsid protein. In certain embodiments, the capsid protein is an entire capsid 
protein of Ad26. In certain embodiments, the hexon, penton, and fiber are of Ad26. 

One of ordinary skill in the art will recognize that elements derived from multiple serotypes can 
be combined in a single recombinant adenovirus vector. Thus, a chimeric adenovirus that 
combines desirable properties from different serotypes can be produced. Thus, in some 
embodiments, a chimeric adenovirus of the invention could combine the absence of pre-existing 
immunity of a first serotype with characteristics such as temperature stability, assembly, 
anchoring, production yield, redirected or improved infection, stability of the DNA in the target 
cell, and the like. See for example WO 2006/040330 for chimeric adenovirus Ad5HVR48, that 
includes an Ad5 backbone having partial capsids from Ad48, and also e.g. WO 2019/086461 for 
chimeric adenoviruses Ad26HVRPtr1, Ad26HVRPtr12, and Ad26HVRPtr13, that include an 
Ad26 virus backbone having partial capsid proteins of Ptr1, Ptr12, and Ptr13, respectively) 

In certain preferred embodiments the recombinant adenovirus vector useful in the invention is 
derived mainly or entirely from Ad26 (i.e., the vector is rAd26). In some embodiments, the 
adenovirus is replication deficient, e.g., because it contains a deletion in the E1 region of the 
genome. For adenoviruses being derived from non-group C adenovirus, such as Ad26 or Ad35, 
it is typical to exchange the E4-orf6 coding sequence of the adenovirus with the E4-orf6 of an 
adenovirus of human subgroup C such as Ad5. This allows propagation of such adenoviruses 
in well-known complementing cell lines that express the E1 genes of Ad5, such as for example 
293 cells, PER.C6 cells, and the like (see, e.g., Havenga, et al., 2006, J Gen Virol 87: 2135-43; 
WO 03/104467). However, such adenoviruses will not be capable of replicating in non- 
complementing cells that do not express the E1 genes of Ad5. 

The preparation of recombinant adenoviral vectors is well known in the art. Preparation of 
rAd26 vectors is described, for example, in WO 2007/104792 and in Abbink et al., (2007) Virol 
81(9): 4654-63. Exemplary genome sequences of Ad26 are found in GenBank Accession EF 
153474 and in SEQ ID NO: 1 of WO 2007/104792. Examples of vectors useful for the 
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invention for instance include those described in WO2012/082918, the disclosure of which is 
incorporated herein by reference in its entirety. 

Typically, a vector useful in the invention is produced using a nucleic acid comprising the entire 
recombinant adenoviral genome (e.g., a plasmid, cosmid, or baculovirus vector). Thus, the 
invention also provides isolated nucleic acid molecules that encode the adenoviral vectors of the 
invention. The nucleic acid molecules of the invention can be in the form of RNA or in the form 
of DNA obtained by cloning or produced synthetically. The DNA can be double-stranded or 
single-stranded. 

The adenovirus vectors useful in the invention are typically replication deficient. In these 
embodiments, the virus is rendered replication deficient by deletion or inactivation of regions 
critical to replication of the virus, such as the E1 region. The regions can be substantially 
deleted or inactivated by, for example, inserting a gene of interest, such as a gene encoding a 
synthetic SARS CoY2 S protein (usually linked to a promoter), or a gene encoding an SARS 
CoV2 S antigenic polypeptide (usually linked to a promoter) within the region. In some 
embodiments, the vectors of the invention can contain deletions in other regions, such as the 
E2, E3 or E4 regions, or insertions of heterologous genes linked to a promoter within one or 
more of these regions. For E2- and/or E4-mutated adenoviruses, generally E2- and/or E4- 
complementing cell lines are used to generate recombinant adenoviruses. Mutations in the E3 
region of the adenovirus need not be complemented by the cell line, since E3 is not required for 
replication. 

In certain embodiments, the recombinant human adenovirus has a deletion in the E1 region, a 
deletion in the E3 region, or a deletion in both the E1 and the E3 region of the adenoviral 
genome. Thus, in certain embodiments, an adenoviral vector according to the invention is 
deficient in at least one essential gene function of the E1 region, e.g. the E1a region and/or the 
E1b region, of the adenoviral genome that is required for viral replication. In certain 
embodiments, an adenoviral vector according to the invention is deficient in at least part of the 
non-essential E3 region. In certain embodiments, the vector is deficient in at least one essential 
gene function of the E1 region and at least part of the non-essential E3 region. The adenoviral 
vector can be "multiply deficient," meaning that the adenoviral vector is deficient in one or more 
essential gene functions in each of two or more regions of the adenoviral genome. For example, 
the aforementioned E1-deficient or E1-, E3-deficient adenoviral vectors can be further deficient 
in at least one essential gene of the E4 region and/or at least one essential gene of the E2 


region (e.g., the EZ2A region and/or E2B region). 
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In certain embodiments, the vector is a recombinant human adenovirus of serotype 26 (rAd26 
vectors). This serotype generally has a low seroprevalence and/or low pre-existing neutralizing 
antibody titers in the human population. Preparation of rAd26 vectors is described, for example, 
in WO 2007/104792 and in Abbink et al., (2007) Virol 81(9): 4654-63. Exemplary genome 
sequences of Ad26 are found in GenBank Accession EF 153474 and in SEQ ID NO:1 of WO 
2007/104792. 

In preferred embodiments, the adenovirus is replication deficient, e.g. because it contains a 
deletion in the E1 region of the genome. As known to the skilled person, in case of deletions of 
essential regions from the adenovirus genome, the functions encoded by these regions have to 
be provided in trans, preferably by the producer cell, i.e. when parts or whole of E1, E2 and/or 
E4 regions are deleted from the adenovirus, these have to be present in the producer cell, for 
instance integrated in the genome thereof, or in the form of so-called helper adenovirus or 
helper plasmids. The adenovirus may also have a deletion in the E3 region, which is 
dispensable for replication, and hence such a deletion does not have to be complemented. 

In a preferred embodiment, the recombinant, replication-incompetent human adenovirus type 26 
(Ad26) vector is constructed to encode the SARS-Cov-2 Spike (S) protein, stabilized in its 
prefusion conformation. Preferably, the adenovirus comprises the nucleic acid of SEQ ID NO: 
205. 

A packaging cell line is typically used to produce sufficient amounts of adenovirus vectors for 
use in the invention. A packaging cell is a cell that comprises those genes that have been 
deleted or inactivated in a replication deficient vector, thus allowing the virus to replicate in the 
cell. Suitable packaging cell lines for adenoviruses with a deletion in the E1 region include, for 
example, PER.C6, 911, 293, and E1 A549. 

In a preferred embodiment of the invention, the vector is an adenovirus vector, and more 
preferably a rAd26 vector, most preferably a rAd26 vector with at least a deletion in the E1 
region of the adenoviral genome, e.g. such as that described in Abbink, J Virol, 2007. 81(9): p. 
4654-63, which is incorporated herein by reference. Typically, the nucleic acid sequence 
encoding the synthetic SARS Cov-2 S antigens is cloned into the E1 and/or the E3 region of the 
adenoviral genome. 

In certain embodiments, the nucleic acid encoding the coronavirus S protein is operably linked 
to a cytomegalovirus (CMV) promoter comprising at least one tetracycline operator (TetO) motif. 
This allows for the cost-effective, large-scale manufacturing of adenoviral particles comprising 
the SARS Cov-2 S protein insert. Without intending to be limited by theory, it is believed that 
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the SARS Cov-2 S protein leads to lower levels of adenoviral particle production. The addition 
of the TetO motif to the CMV promoter allows for higher levels of adenoviral particle production. 
As used herein, a “promoter” is a nucleic acid sequence enabling the initiation of the 
transcription of a gene sequence in a messenger RNA, such transcription being initiated with 
the binding of an RNA polymerase on or nearby the promoter. 

As defined above, in certain embodiments, the promoter is a cytomegalovirus promoter 
comprising at least one tetracycline operator (TetO) motif. The TetO motif can be referred to a 
“regulatory segquence” or “regulatory element,” which as used herein refers to a segment of 
nucleic acid, typically, but not limited to DNA, that modulates the transcription of the nucleic acid 
sequence to which it is operatively linked, and, thus, acts as a transcriptional modulator. A 
regulatory sequence often comprises nucleic acid sequences that are transcription binding 
domains that are recognized by the nucleic acid-binding domains of transcriptional proteins 
and/or transcription factors, enhancers, or repressors, etc. For example, it is possible to 
operably couple a repressor sequence to the promoter, which repressor sequence can be 
bound by a repressor protein that can decrease or prevent the expression of the transgene in a 
production cell line that expresses the repressor protein. This can improve genetic stability 
and/or expression levels of the nucleic acid molecule upon passaging and/or when this is 
produced at high quantities in the production cell line. Such systems have been described in 
the art. A regulatory sequence can include one or more tetracycline operator (TetO) 
motifs/sequences, such that expression is inhibited in the presence of the tetracycline repressor 
protein (TetR). In the absence of tetracycline, the TetR protein is able to bind to the TetO sites 
and to repress transcription of a transgene (e.g., SARS Cov-2 S antigen) operably linked to the 
TetO motifs/sequences. In certain embodiments, the nucleic acid encoding the SARS-Cov-2 S 
protein, when present in the adenoviral vector, is operably linked to a cytomegalovirus (CMV) 
promoter comprising at least one tetracycline operator (TetO) motif, such that the expression of 
the SARS Cov-2 S protein is inhibited in recombinant adenoviruses that are produced in the 
producer cell line in which the TetR protein is expressed. Expression will not be inhibited when 
the recombinant adenoviral vector is introduced into a subject or into cells that do not express 
the TetR protein. The invention, however, is not limited to use of a cytomegalovirus promoter 
comprising at least one tetracycline operator (TetO) motif. 

As used herein, the term “repressor” refers to molecules (e.g., proteins) having the capability to 
inhibit, interfere, retard, and/or repress the production of a heterologous protein product of a 
recombinant expression vector (e.g., an adenoviral vector). The repressor can inhibit 


expression by interfering with a binding site at an appropriate location along the expression 
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vector, such as in an expression cassette (e.g., a TetR can bind the TetO motif in the CMV 
promoter). Repression of vector transgene expression during vector propagation can prevent 
transgene instability and can increase yields of vectors having the transgene during production. 
A nucleic acid is “operably linked” when it is placed into a structural or functional relationship 
with another nucleic acid sequence. For example, one segment of DNA can be operably linked 
to another segment of DNA if they are positioned relative to one another on the same 
contiguous DNA molecule and have a structural or functional relationship, such as a promoter or 
enhancer that is positioned relative to a coding sequence so as to facilitate transcription of the 
coding sequence; a ribosome binding site that is positioned relative to a coding sequence so as 
to facilitate translation; or a pre-sequence or secretory leader that is positioned relative to a 
coding sequence so as to facilitate expression of a pre-protein (e.g., a pre-protein that 
participates in the secretion of the encoded polypeptide). In other examples, the operably linked 
nucleic acid sequences are not contiguous, but are positioned in such a way that they have a 
functional relationship with each other as nucleic acids or as proteins that are expressed by 
them. Enhancers, for example, do not have to be contiguous. Linking may be accomplished by 
ligation at convenient restriction sites or by using synthetic oligonucleotide adaptors or linkers. 
In certain embodiments, the CMV promoter comprising at least one TetO motif comprises a 
nucleotide sequence of SEQ ID NO: 219, preferably the CMV promotor consists of SEQ ID NO: 
219. 

In a preferred embodiment, the adenoviral vector is produced in PER.C6-tetracycline repressor 
(TetR) cells. 

The invention further provides compositions comprising a nucleic acid, a protein, and/or vector 
according to the invention. For administering to humans, the invention may employ 
pharmaceutical compositions comprising the nucleic acid, a protein, and/or vector and a 
pharmaceutically acceptable carrier or excipient. In the present context, the term 
“Pharmaceutically acceptable” means that the carrier or excipient, at the dosages and 
concentrations employed, will not cause any unwanted or harmful effects in the subjects to 
which they are administered. Such pharmaceutically acceptable carriers and excipients are well 
known in the art (see Remington's Pharmaceutical Sciences, 18th edition, A. R. Gennaro, Ed,, 
Mack Publishing Company [1990]; Pharmaceutical Formulation Development of Peptides and 
Proteins, S. Frokjaer and L. Hovgaard, Eds., Taylor & Francis [2000]; and Handbook of 
Pharmaceutical Excipients, 3rd edition, A. Kibbe, Ed., Pharmaceutical Press [2000]). The 
purified nucleic acid, a protein, and/or vector preferably is formulated and administered as a 


sterile solution although it is also possible to utilize lyophilized preparations. Sterile solutions are 
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prepared by sterile filtration or by other methods known per se in the art. The solutions are then 
Iyophilized or filled into pharmaceutical dosage containers. The pH of the solution generally is in 
the range of pH 3.0 to 9.5, preferably in the range of pH 5.0 to 7.5. The nucleic acid, a protein, 
and/or vector typically is in a solution having a suitable pharmaceutically acceptable buffer, and 
the solution may also contain a salt. Optionally stabilizing agent may be present, such as 
albumin. In certain embodiments, detergent is added. In certain embodiments, nucleic acid, a 
protein, and/or vector may be formulated into an injectable preparation. These formulations 
contain effective amounts of nucleic acid, a protein, and/or vector, are either sterile liquid 
solutions, liquid suspensions or lyophilized versions and optionally contain stabilizers or 
excipients. 

For instance, adenovirus may be stored in the buffer that is also used for the Adenovirus World 
Standard (Hoganson et al., Development of a stable adenoviral vector formulation, 
Bioprocessing March 2002, p. 43-48): 20 mM Tris pH 8, 25 mM NaCI, 2.5% glycerol. Another 
useful formulation buffer suitable for administration to humans is 20 mM Tris, 2 mM MgCI2, 25 
mM NaCI, sucrose 10% w/v, polysorbate-80 0.02% w/v. Obviously, many other buffers can be 
used, and several examples of suitable formulations for the storage and for pharmaceutical 
administration of purified (adenovvirus preparations can for instance be found in European 
Patent No. 0853660, US patent 6,225,289 and in international patent applications WO 
99/41416, WO 99/12568, WO 00/29024, WO 01/66137, WO 03/049763, WO 03/078592, WO 
03/061708. 

In certain embodiments, the adenovirus composition is a sterile suspension for intramuscular 


injection, containing the following inactive ingredients: 


. Citric acid monohydrate 

. Trisodium citrate dihydrate 

. Ethanol 

. 2-hydroxypropyl-B-cyclodextrin (HBCD) 
. Polysorbate 80 

. Sodium chloride 

. Sodium hydroxide 

. Water for injections 


and optionally hydrochloric acid, 
and wherein the product contains no preservatives.” 
In a preferred embodiment, the initial shelf life of the adenoviral vector vaccine is 24 months 


when stored frozen at the recommended storage condition of -25*C to -15*C (-13*F to 5*F), and 
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within these 24 months, 3 months when stored at 2*C to 8*C (36*F to 46*F).In certain 
embodiments, a composition according to the invention comprises a(n) (adeno) vector 
according to the invention in combination with a further active component. Such further active 
components may comprise one or more SARS-Cov-2 protein antigens, e.g., a SARS-Cov-2 
protein according to the invention, or any other SARS-Cov-2 protein antigen, or additional 
vectors comprising nucleic acid encoding similar or alternative SARS-Cov-2 antigens. Such 
vectors again may be non-adenoviral or adenoviral, of which the latter can be of any serotype. 
In certain embodiments a composition comprising the adenovirus further comprises one or more 
adjuvants. Adjuvants are known in the art to further increase the immune response to an applied 
antigenic determinant, and pharmaceutical compositions comprising adenovirus and suitable 
adjuvants are for instance disclosed in WO 2007/110409, incorporated by reference herein. The 
terms “adjuvant” and “immune stimulant” are used interchangeably and are defined as one or 
more substances that cause stimulation of the immune system. In this context, an adjuvant is 
used to enhance an immune response to the adenovirus vectors of the invention. Examples of 
suitable adjuvants include aluminum salts such as aluminum hydroxide and/or aluminum 
phosphate; oil-emulsion compositions (or oil-in-water compositions), including squalene-water 
emulsions, such as MF59 (see, e.g., WO 90/14837); saponin formulations, such as for example 
QS21 and Immunostimulating Complexes (ISCOMS) (see, e.g., US 5,057,540; WO 90/03184, 
WO 96/11711, WO 2004/004762, WO 2005/002620); bacterial or microbial derivatives, 
examples of which are monophosphoryl lipid A (MPL), 3-O-deacylated MPL (34MPL), CpG- 
motif containing oligonucleotides, ADP-ribosylating bacterial toxins or mutants thereof, such as 
E. coli heat labile enterotoxin LT, cholera toxin CT, and the like. It is also possible to use vector- 
encoded adjuvant, e.g. by using heterologous nucleic acid that encodes a fusion of the 
oligomerization domain of C4-binding protein (C4bp) to the antigen of interest (e.g., Solabomi et 
al, 2008, Infect Immun 76: 3817-23). In certain embodiments the compositions of the invention 
comprise aluminum as an adjuvant, e.9., in the form of aluminum hydroxide, aluminum 
phosphate, aluminum potassium phosphate, or combinations thereof, in concentrations of 0.05 
— 5 mg, e.9. from 0.075-1.0 mg, of aluminum content per dose. 

In other embodiments, the compositions do not comprise adjuvants. 

The present invention further provides vaccines against COVID-19 comprising a nucleic acid, a 
protein, and/or vector according to the invention. The term “vaccine” refers to an agent or 
composition containing an active component effective to induce a therapeutic degree of 
immunity in a subject against a certain pathogen or disease. According to the present invention, 


the vaccine may comprise an effective amount of a recombinant adenovirus of serotype 26 that 
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encodes a SARS Cov-2 S protein, in particular a SARS Cov-2 protein that comprises the amino 
acid sequence of SEQ ID NO:1, or an antigenic fragment thereof, which results in an immune 
response, preferably a protective immune response, against the S protein of SARS Cov-2. The 
vaccine of the invention may be used in a method of preventing serious lower respiratory tract 
disease leading to hospitalization and the decrease the frequency of complications such as 
pneumonia and bronchiolitis due to SARS-Cov-2 infection and replication in a subject. The 
vaccine may also be used in so-called Postexposure prophylaxis (PEP), i.e. for preventing 
illIness after potential or documented exposure to the coronavirus and/or for reducing the risk of 
secondary spread of infection. The “vaccine” according to the invention typically includes a 
pharmaceutically acceptable diluent, carrier or excipient. lt may or may not comprise further 
active ingredients. 

In certain embodiments it may be a combination vaccine that further comprises other 
components that induce an immune response, e.g., against other proteins of SARS.Cov2 
and/or against other infectious agents. 

In certain embodiments, the vaccine is a combination vaccine comprising a vector according to 
the invention and a SARS Cov-2 S protein and optionally an adjuvant, wherein the vector and 
SARS Cov-2 protein are for concurrent administration. The SARS Cov-2 protein may be a 
protein as described herein or any other suitable SARS Cov-2 S protein that is known in the art. 
According to the invention, the vector and protein are preferably for concurrent administration 
(i.e. administered concurrently). “Concurrent administration or co-administration,” in the context 
of the administration of the vector and protein to a subject, refers to the use of the vector and 
protein in combination, wherein said vector and protein are administered to the subject within a 
period of 24 hours. 

In certain embodiments, the vector and protein are co-formulated, for example, with a 
pharmaceutically acceptable buffer, carrier, excipient and/or adjuvant, in a single composition 
for administration, for example admixed, and administered to a subject together at the same 
time. In other embodiments, the vector and protein are formulated, for example, with a 
pharmaceutically acceptable buffer, carrier, excipient and/or adjuvant, in separate compositions, 
and are administered to a subject in separate compositions within 24 hours, such as within 12 
hours, 10 hours, 8 hours, 6 hours, 4 hours, 2 hours, or within 1 hour or less, e.g. in the same 
arm or in two different arms of the subject at about the same time. 

The invention provides methods for active immunization to prevent coronavirus disease 2019 
(COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2), in 


individuals 18 years of age and older. 
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The invention provides methods for active immunization to prevent coronavirus disease 2019 
(COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2), in 
individuals 16 years of age and older. 

The invention provides methods for active immunization to prevent coronavirus disease 2019 
(COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2), in 
individuals 12 years of age and older. 

The invention provides methods for active immunization to prevent coronavirus disease 2019 
(COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2), in 
individuals 2 months of age and older. 

The invention also provides methods for active immunization to prevent coronavirus disease 
2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) 
variants. 

The SARS Cov-2 variants preferably are selected from the group consisting of the UK variant 
(SARS-Cov-2 lin. B.1.1.7), South Africa (SARS-Cov-2 501Y.V2) and Denmark variant (Cluster 
5). 

The SARS Cov-2 variants may comprise one or more mutations selected from the group 
consisting of del69-70, del145, A570D, D614G, P681H, 17161, S982A, D1118H, D8OA, D215G, 
L242H, R2461, K417N, E484K, N501Y, Y435F, 11692V, M1229I and A701V. 

The SARS Cov-2 variants may have the E484K mutation and one or more mutations selected 
from the group consisting of del69-70, del145, A570D, D614G, P681H, 17161, S982A, D1118H, 
D8OA, D215G, L242H, R2461, K417N, E484K, N501Y, Y435F, 11692V, M1229I and A701V. 
Examples of such SARS Cov-2 variants are B.1.351, B.1.1.7, P.1 and CALZ2OC. 

The invention also provides a method for inducing SARS-Cov-2 binding antibodies in a subject 
in need thereof, as measured, e.g., by ELISA, comprising administering to the subject a 
composition or vaccine as described herein. 

The invention also provides a method for inducing SARS-CovV-2 neutralizing antibodies in a 
subject in need thereof, as measured, e.9., by VNA, comprising administering to the subject a 
composition or vaccine as described herein. 

The invention also provides a method for inducing a SARS-Cov-2 specific T cell response in a 
subject in need thereof, as assessed e.g. by flow cytometry after SARS-Cov-2 S protein 
peptide stimulation of peripheral blood mononuclear cells (PBMCs) and intracellular staining, 
comprising administering to the subject a composition or vaccine as described herein. 

The invention also provides a method for reducing infection and/or replication of SARS-Cov-2 


or variants thereof in, e.g., the nasal tract and lungs of, a subject, comprising administering to 
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the subject a composition or vaccine as described herein. This will reduce adverse effects 
resulting from SARS-CovV-2 infection in a subject, and thus contribute to protection of the 
subject against such adverse effects. In certain embodiments, adverse effects of SARS-COV-2 
infection may be essentially prevented, i.e. reduced to such low levels that they are not clinically 
relevant. The recombinant adenovirus may be in the form of a vaccine according to the 
invention, including the embodiments described above. The administration of further active 
components may for instance be done by separate administration or by administering 
combination products of the vaccines of the invention. 

The invention also provides a method for prevention of moleculariy confirmed, moderate to 
severe/critical COVID-19, comprising administering to the subject a composition or vaccine as 
described herein, when given as a one or two dose vaccine. In certain embodiment, the 
invention provides a method for prevention of moleculariy confirmed, moderate to severe/critical 
COVID-19 as compared to placebo, in SARS-CovV-2 seronegative adults, comprising 
administering to the subject a composition or vaccine as described herein when given as a one 
or two dose vaccine. 

The invention also provides a method for prevention of moleculariy confirmed, 

severe/critical COVID-19, comprising administering to the subject a composition or vaccine as 
described herein, when given as a one or two dose vaccine. In certain embodiment, the 
invention provides a method for prevention of moleculariy confirmed, severe/critical COVID-19 
as compared to placebo, in SARS-Cov-2 seronegative adults, comprising administering to the 
subject a composition or vaccine as described herein when given as a one or two dose vaccine. 
According to the invention, moderate COVID-19 is defined as: a SARS-Cov-2 positive RT-PCR 
or molecular test result from any available respiratory tract sample or other sample, moleculariy 
confirmed at central laboratory, AND 

at any time during the observation period until signs and symptoms disappear: 

Any 1 of the following new or worsening signs or symptoms: 

Respiratory rate =20 breaths/minute; 

Abnormal saturation of oxygen (SpO2) but still >93% on room air at sea level; 

Clinical or radiologic evidence of pneumonia; 

Radiologic evidence of DVT; 

Shortness of breath or difficulty breathing; 

OR 

Any 2 of the following new or worsening signs or symptoms: 

Fever (=38.0*C or 2100.4*F); 
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Heart rate >90 beats/minute; 

Shaking chills or rigors; 

New or changing olfactory or taste disorders; 

Sore throat; 

Malaise; 

Headache; 

Cough; 

Muscle pain (myalgia); 

Gastrointestinal symptoms; 

Red or bruised looking feet or toes. 

According to the invention, severe/critical COVID-19 is defined as: a SARS-Cov-2 positive RT- 
PCR or molecular test result from any available respiratory tract sample or other sample, 
moleculariy confirmed at central laboratory; AND 

Clinical signs at rest indicative of severe systemic iliness (respiratory rate >30 breaths/minute, 
heart rate 2125 beats/minute, SpO2 <93% on room air at sea level, or PaO2/FiO2 <300 mmHg); 
Respiratory failure (defined as needing high-flow oxygen, non-invasive ventilation, mechanical 
ventilation, or ECMO [extracorporeal membrane oxygenation]) 

Evidence of shock (defined as systolic blood pressure <90 mmHg, diastolic blood pressure <60 
mmHg, or requiring vasopressors); 

Significant acute renal, hepatic, or neurologic dysfunction; 

Admission to the ICU; 

Death. 

In certain embodiments, severe COVID-19 is as defined by FDA guidance. 

According to the invention, mild COVID-19 is defined as: A SARS-Cov-2 positive RT-PCR or 
molecular test result from any available respiratory tract sample or other sample, moleculariy 
confirmed at central laboratory, AND 

one of the following symptoms: 

fever (=38.0*C or 2100.4*F) 

sore throat, 

headache, 

muscle pain (myalgia), 

gastrointestinal symptoms, 

cough, 


chest congestion, 
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runny nose, 
wheezing, 

Skin rash 

eye irritation or discharge, 

chills, 

new or changing olfactory or taste disorders, 

red or bruised looking feet or toes, 

shaking chills or rigors, 

malaise (loss of appetite, generally unwell, fatigue, physical weakness. 

A case is considered mild when it meets the above case definition but not the moderate to 
severe/critical definition. 

Asymptomatic or undetected SARS CovV-2 infection is defined as: 

participant does not fulfill the criteria for suspected COVID-19 based on signs and symptoms; 
AND 

has a SARS-Cov-2 positive RT-PCR or molecular test result from any available respiratory tract 
sample (eg, nasal swab sample, sputum sample, throat swab sample, saliva sample) or other 
sample; 

OR 

develops a positive serology (non-S protein) test (serological conversion). 


The invention also provides a method for reducing SARS-Cov-2 Viral Load as Assessed by 
Quantitative Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) in Participants with 
Moleculariy Confirmed, Moderate to Severe/Critical COVID-19. 

The invention also provides a method for preventing or reducing the occurrence of pneumonia 
linked to any moleculariy confirmed COVID-19 when compared to placebo. 

The invention also provides a method for reducing sympoms caused by SARS Cov-2 infection. 
The invention also provides a method for preventing or reducing the occurrence of 
hospitalization linked to any moleculariy confirmed COVID-19 when compared to placebo. 

The invention also provides a method for preventing or reducing the occurrence of acute 
respiratory distress syndrome linked to any moleculariy confirmed COVID-19 when compared to 
placebo. 

The invention also provides a method for preventing or reducing the occurrence of sepsis linked 


to any moleculariy confirmed COVID-19 when compared to placebo. 
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The invention also provides a method for preventing or reducing the occurrence of septic shock 
linked to any moleculariy confirmed COVID-19 when compared to placebo. 

The invention also provides a method for preventing or decreasing the mortality linked to any 
molecularly confirmed COVID-19. 

In a preferred embodiment, the methods involve adminstraton of the composition or vaccine as 
a single dose of 0.5 mL comprising 5 x 1010 vp of the vaccine according to the invention. 

In certain embodiments, the effects of the vaccine (i.e. the induction of SARS-Cov-2 binding 
and/or neutralizing antibodies and/or the induction of a SARS-Cov-2 specific T cell response) 
occur already at 8 days after administration of the vaccine. 

In certain embodiments the effects of the vaccine occur at least 14 days after the 1st dose of 
study vaccine depending on the regimen. In certain embodiments the effects of the vaccine 
occur at least 28 days after the 1st dose of study vaccine depending on the regimen. 

In preferred embodiments, the invention provides a method for preventing moleculariy 
confirmed moderate to severe COVID-19. 

The compositions or vaccines according to the invention preferably have a vaccine efficacy of at 
least 50, 55, 60, 65 or 70% against moleculariy confirmed moderate to severe COVID-19. 
Preferably, the compositions or vaccines according to the invention have a vaccine efficacy of at 
least 60, preferably at least 65 % against molecularly confirmed moderate to severe COVID-19 
with onset at least 14 days after vaccination. 

According to the invention, the compositions or vaccines are effective against COVID-10 caused 
by SARS CoV-2, as well as to at least some of the circulating SARS-Cov-2 variants that have 
been associated with rapidly increasing case numbers and have particular prevalence in the UK 
(B1.1.7/501Y.V1), South Africa 212 (501Y.V2) and Brazil (B1.1.28/501.V3). 

According to the invention it has been shown that a single dose of the vaccine was efficacious in 
the prevention of moderate to severe/critical COVID-19 with a vaccine efficacy (VE) of 66% both 
post Day14 and post Day 28 post vaccination. 

Vaccine efficacy against moderate/severe disease after Day 28 is 71 % in US, 66% in Brazil 
and 57% in South Africa, where most of the strains (90%) were of the variant 501Y.V2 (South 
Africa variant). High vaccine efficacy (85% overall) was noted against severe/critical COVID-19 
with over 90% efficacy in 18-59 year old. This finding was consistent across countries and 
regions (North and South America, South Africa), including South Africa where almost all cases 
were infected with the new variant of SARS-Cov-2 

The onset of efficacy was estimated at day 14, with efficacy increasing through day 56, 


especially against severe disease consistent with the finding of neutralizing antibody titers 
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detected from day 14 onwards, which continued to increase up to day 56 with no indication of 
waning up to day 85. 

The compositions or vaccines according to the invention may be administered to a subject, e.9., 
a human subject. The total dose of the adenovirus provided to a subject during one 
administration is generally between 1x10? viral particles (vp) and 1x1012 vp, preferably between 
1x108 vp and 1x10"! vp, for instance between 3x108 and 5x1010 vp, for instance between 109 
and 3x10% vp. 

In a preferred embodiment the vaccine of the invention is administered to a human subject at a 
dose of 1.25 x 1010, 2.5 x 1010, 5x101%or 1x1011'vp per dose in a one dose or two dose regimen 
wherein the doses are administered about 1, 2, or 3 months apart. 

In certain embodiments, the vaccine of the invention is administered to a human subject at a 
dose of 1x10"! vp per dose in a one dose regimen followed by a second vaccination at 6, 12, or 
24 months with same dose. 

In a preferred embodiment, the vaccine of the invention is administered to a human subject at a 
dose of 5x1010 vp per dose in a one dose regimen. 

In another preferred embodiment, the vaccine of the invention is administered to a human 
subject at a dose of 1x10"! vp per dose in a one dose regimen. 

In another preferred embodiment, the vaccine is administered to a human subject in a two dose 
regimen comprising a first administration of a dose of 5 x 1010 vp per dose and a second dose of 
5 x 1010 vp per dose administered about 2 months (8 weeks or 56 days) apart. 

In certain embodiments, the vaccine is administered to a human subject at a dose of 5 x 10% vp 
per dose in a 2-dose regimen administered about 2 months (8 weeks) apart, followed by a 
further vaccination at 8 months, 14 months, and 26 months (that is, 6 months, 12 months, or 24 
months after completion of the two dose regimen) with the same dose. 

In a preferred embodiment, the composition is administered at a dose of 5x10 vp per dose in a 
one dose regimen. 

Administration of adenovirus compositions can be performed using standard routes of 
administration. Non-limiting embodiments include parenteral administration, such as by 
injection, e.9., intramuscular, intradermal, etc., or subcutaneocus, transcutaneous, or mucosal 
administration, e.g., intranasal, oral, and the like. However, it is particularly preferred according 
to the present invention to administer the vaccine intramusculariy. The advantage of 
intramuscular administration is that it is simple and well-established and does not carry the 


safety concerns for intranasal application in infants younger than 6 months. In one embodiment 
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a composition is administered by intramuscular injection, e.g. into the deltoid muscle of the arm, 
or vastus lateralis muscle of the thigh. 

A subject as used herein preferably is a mammal, for instance a rodent, e.g. a mouse, a cotton 
rat, or a non-human-primate, or a human. Preferably, the subject is a human subject. The 
subject can be of any age, e.g., from about 1 month to 100 years old, e.g., from about 2 months 
to about 80 years old, from about 6 months of age to about 3 years old, from about 3 years to 
about 18 years old, from about 12 years to about 18 years old, from about 18 years to about 55 
years old, from about 50 years to about 75 years old, etc. In certain preferred embodiments, the 
subject is a human from 2 years of age. In other preferred embodiments, the human subject is a 
human from 18 years of age, preferably a human from 60 years of age, or a human from 65 
years of age. 

In certain embodiments, the composition or vaccine is administered to the subject more than 
once, e.g. once a year. In certain embodiments, the method of vaccination consists of a single 
administration of the composition or vaccine to the subject. It is also possible to provide one or 
more second (or booster) administrations of the vaccine of the invention. If a second vaccination 
is performed, typically, such a second vaccination will be administered to the same subject at a 
moment between one week and one year, preferably between two weeks and four months, after 
administering the composition to the subject for the first time (which is in such cases sometimes 
referred to as 'priming vaccination') 

The invention further provides isolated host cells comprising a recombinant human adenovirus 
of serotype 26 comprising nucleic acid encoding a SARS-Cov-2 S protein or fragment thereof. 
A host cell (sometimes also referred to in the art and herein as 'packaging cell' or 
“complementing cel! or “producer cell”) that can be used can be any host cell wherein a desired 
adenovirus can be propagated. A host cell line is typically used to produce sufficient amounts of 
adenovirus vectors of the invention. A host cell is a cell that comprises those genes that have 
been deleted or inactivated in a replication-defective vector, thus allowing the virus to replicate 
in the cell. Suitable cell lines include, for example, PER.C6, 911, 293, and E1 A549. 

In certain embodiments, the host cell further comprises a nucleotide sequence encoding a 
tetracycline repressor (TetR) protein. The nucleotide sequence encoding the TetR protein can, 
for example, be integrated in the genome of the host cell. By way of an example, the nucleotide 
sequence encoding the TetR protein can be integrated in chromosome 1. The host cell line 
can, for example, be a PER.C6 cell. 

In a preferred embodiment, the host cell is a PER.C6 cell comprising a nucleotide sequence 


encoding a tetracycline repressor (TetR) protein. Such “PER.C6 TetR” cells are PER.C6 cells 
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(human retina cells immortalized by E1) to which a nucleotide encoding TetR has been 
introduced, as described in PCT/EP2018/053201 (incorporated herein by reference). In such 
embodiments, preferably the adenovirus comprises a nucleic acid encoding a SARS-Cov-2 S 
protein or fragment thereof which is operably linked to a promoter comprising one or more Tet 
operator (TetO) motifs. In preferred embodiments, the promoter is a CMV promoter comprising 
one or more TetO motifs. Preferably the promoter is a CMV promoter comprising two TetO 
motifs. Preferably the promoter is the CMV promoter and comprises a nucleotide sequence of 
SEQ ID NO: 219. In some embodiments, the promotor consists of the nucleotide sequence of 
SEQ ID NO: 219. 

The invention further provides methods for making a vaccine against SARS Coronavirus virus 
(SARS-COvV-2), comprising providing a recombinant human adenovirus of serotype 26 that 
comprises nucleic acid encoding a SARS-COVvV-2 S protein or fragment thereof as described 
herein, propagating said recombinant adenovirus in a culture of host cells, isolating and 
purifying the recombinant adenovirus, and bringing the recombinant adenovirus in a 
pharmaceutically acceptable composition. In certain embodiments, provided herein are methods 
of producing an adenoviral particle comprising a SARS-Cov-2 antigen. The methods comprise 
(a) contacting a host cell of the invention with an adenoviral vector of the invention and (b) 
growing the host cell under conditions wherein the adenoviral particle comprising the SARS- 
CovV-2 antigen is produced. Recombinant adenovirus can be prepared and propagated in host 
cells, according to well-known methods, which entail cell culture of the host cells that are 
infected with the adenovirus. The cell culture can be any type of cell culture, including adherent 
cell culture, e.g. cells attached to the surface of a culture vessel or to microcarriers, as well as 
suspension culture. 

Most large-scale suspension cultures are operated as batch or fed-batch processes because 
they are the most straightforward to operate and scale up. Nowadays, continuous processes 
based on perfusion principles are becoming more common and are also suitable (see, e.g., WO 
2010/060719, and WO 2011/098592, both incorporated by reference herein, which describe 
suitable methods for obtaining and purifying large amounts of recombinant adenoviruses). 

The invention further provides an isolated recombinant nucleic acid that forms the genome of a 
recombinant human adenovirus of serotype 26 that comprises nucleic acid encoding a SARS- 
CoV2 S protein or fragment thereof. 

Wuhan coronavirus (2019-nCovV) polypeptides can be used to elicit protective and therapeutic 
immune responses (e.g., humoral responses or cellular responses) against a coronavirus 


infection (e.g., 2019-nCov infection) when administered to a subject (e.g., a human subject) 
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infected with or exposed to a coronavirus (e.g., 2019-nCoV). The compositions that can be 
prepared for administration to a subject include a 2019-nCovV protein (e.g., Spike (S) protein or 
a portion thereof (e.g., a polypeptide with the sequence of any one of SEQ ID NOs: 1-84, e.g., 
SEQ ID NO: 51, or a polypeptide with at least 85% (e.g., at least 90%, 95%, 99%, or more) 
sequence identity to a polypeptide with the sequence of any one of SEQ ID NOs: 1-84)) ora 
vector (e.g., an expression vector, such as a plasmid, or a viral vector, such as an adenovirus 
(e.g., Ad26), poxvirus, adeno-associated virus, retroviral, or other viral vector, or naked or 
encapsulated DNA) containing a nucleic acid sequence that encodes the 2019-nCov protein 
(e.g., a nucleic acid molecule with the sequence of any one of SEQ ID NOs: 93-181, 190-195, 
and 199-204; or a nucleic acid molecule with at least 85% (e.g., at least 90%, 95%, 99%, or 
more) sequence identity to a nucleic acid molecule with the sequence of any one of SEQ ID 
NOs: 93-181, 190-195, and 199-204). 

The generation of DNA vaccines expressing a 2019-nCovV Spike (S) protein are described. The 
2019-nCovV DNA vaccines can be generated by incorporating a polynucleotide (e.g., SEQ ID 
NOs: 93-181, 190-195, and 199-204 or a variant thereof with up to 85% or more sequence 
identity thereto) encoding S or a portion thereof (e.g., SEQ ID NOs: 1-84, e.g., SEQ ID NO: 51, 
or a variant thereof with up to 85% or more sequence identity thereto) into a mammalian 
expression vector (e.g., PCDNA3.1+; Invitrogen, CA, USA) to generate a vaccine. 

Generation of recombinant viral vectors (e.g., Ad26 viral vectors) expressing 2019-nCovV Spike 
(S) protein is also described. 2019-nCov viral vectors can be generated by incorporating a 
polynucleotide (e.g., SEQ ID NOs: 93-181, 190-195, and 199-204 or a variant thereof with up to 
85% or more sequence identity thereto) encoding S or a portion thereof (e.g., SEQ ID NOs: 1- 
84, or a variant thereof with up to 85% or more sequence identity thereto, e.g., SEQ ID NO: 51) 
into a viral vector (e.g., an Ad26 viral vector). 

Anti-coronavirus antibodies (e.g., anti-2019-nCovV antibodies, e.g., anti-Spike antibodies, e.g., 
anti-Spike neutralizing antibodies) present in a sample from a subject (e.g., a human subject) 
can be used to detect and/or monitor a protective antibody response. The anti-coronavirus 
antibodies (e.g., anti-Spike antibodies, e.g., anti-Spike neutralizing antibodies) may be 
measured in a short timeframe (e.g., between 1 day post-administration and 8-weeks post- 
administration) or a longer timeframe (e.g., between 2 month post-administration and 15 years 
post-administration) after administration of a therapeutic composition (e.g., any of the 
compositions or immunogenic compositions described herein). 

The nucleic acid molecules, polypeptides, vectors, vaccines, compositions, antibodies, and 


methods treating and preventing a 2019-nCovV infection are described herein. 
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|. COMPOSITIONS AND METHODS 
Nucleic Acid Molecules 
The nucleic acid molecules (e.g., SEQ ID NOs: 93-181, 190-195, and 199-204 or a variant 
thereof with up to 85% or more sequence identity thereto) were designed based on the Wuhan 
coronavirus (2019-nCovV). The nucleic acid molecules encode regions of the 2019-nCoV Spike 
(S) protein, for example, the full-length (SEQ ID NO: 121), Spike with a deletion of the 
cytoplasmic region (SEQ ID NO: 94), the ectodomain (SEQ ID NO: 95), S1 (SEQ ID NO: 96), 
and the receptor binding domain (SEQ ID NO: 97). The invention also features additional 
modifications to the abovementioned regions of S, including deletion of or inclusion of signal 
sequences (e.g., SEQ ID NO: 189), stabilizing mutations (e.g., proline substitutions 
corresponding to amino acids K969 and V970 of SEQ ID NO: 1), mutations to a furin cleavage 
site (e.g., SEQ ID NO: 188), introduction of a trimerization domain (e.g., a foldon trimerization 
domain, e.9g., SEQ ID NO: 184), introduction of linker or spacer sequences (e.g., SEQ ID NOs: 
185 and 186), and combinations thereof. The nucleic acid molecules have been optimized 
relative to the wild-type 2019-nCov Spike nucleotide sequence for improved expression in host 
cells (e.g., mammalian (e.g., human) host cells). Optimization can include the addition of a 
leader sequence, restriction site, and/or a Kozak sequence. 
The nucleic acid molecules have a nucleotide sequence with at least 85% (e.g., at least 86%, 
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) sequence 
identity to, all or a portion of any one of SEQ ID NOs: 93-181, 190-195, and 199-204, ora 
complementary sequence thereof. For example, a nucleic acid molecule can have the 
nucleotide sequence of SEQ ID NO: 195. Alternatively, an isolated nucleic acid molecule has a 
nucleotide sequence that encodes a 2019-nCovV polypeptide with at least 85% (e.g., at least 
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) 
sequence identity to an amino acid sequence of any one of SEQ ID NOs: 1-84. For example, 
an isolated nucleic acid molecule can have a nucleotide sequence encoding a polypeptide 
having the amino acid sequence of SEQ ID NO: 56. 
The nucleic acid molecules may be further optimized, such as by codon optimization, for 
expression in a targeted mammalian subject (e.g., human or a non-human animal for vaccine 
production). 
The nucleic acid molecules may also be inserted into expression vectors, such as a plasmid, or 
a viral vector, such as an adenovirus, poxvirus, adeno-associated virus, retroviral, or other viral 


vector, or prepared as naked or encapsulated DNA and incorporated into compositions. 
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Polypeptides 

The polypeptides are coronavirus polypeptides (e.g., 2019-nCovV polypeptides) corresponding 
to, for example, regions of the 2019-nCov Spike (S) protein (SEQ ID NOs: 1-84), for example, 
the full-length (SEQ ID NO: 29), Spike with a deletion of the cytoplasmic region (SEQ ID NO: 2), 
the ectodomain (SEQ ID NO: 3), S1 (SEQ ID NO: 4), the receptor binding domain (SEQ ID NO: 
5) and variants having at least 85% (e.g., at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, 99% or 100%) sequence identity to, all or a portion of any one of 
SEQ ID NOs: 1-84. The polypeptides may include at least 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 
70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 
1600, 1700, or 1800 or more continuous or non-continuous amino acids of any one of SEQ ID 
NOs: 1-84. Polypeptides may also include a deletion of or an inclusion of a signal sequence 
(e.g., SEQ ID NO: 92), stabilizing mutations (e.g., proline substitutions corresponding to amino 
acids K969 and V970 of SEQ ID NO: 1), mutations to a furin cleavage site (e.g., SEQ ID NO: 
91), introduction of a trimerization domain (e.g., a foldon trimerization domain, e.g., SEQ ID NO: 
87), introduction of linker or spacer sequences (e.g., SEQ ID NOs: 88 and 89), and 
combinations thereof. For example, a polypeptide can have the amino acid sequence of SEQ 
ID NO: 28. The polypeptides may also be isolated from other components (e.g., components 
with which the polypeptides are natively associated) and incorporated into compositions. 
Vectors 

The invention also features recombinant vectors (e.g., an Ad26 viral vector) including any one or 
more of the polynucleotides described above. The vectors can be used to deliver a nucleic acid 
expressing an immunogen (e.g., one of more of SEQ ID NOs: 1-84 or variants thereof, having at 
least 85-99% sequence identity thereto, for example at least greater than 90% sequence 
identity thereto), and include mammalian, viral, and bacterial expression vectors. For example, 
a vector can be used to deliver a nucleic acid (e.g., a nucleic acid containing the nucleotide 
sequence of SEQ ID NOs: 104 or 204) expressing an immunogen with the amino acid sequence 
of SEQ ID NO: 51. For example, a vector can be used to deliver a nucleic acid (e.g., a nucleic 
acid containing the nucleotide sequence of SEQ ID NO: 195) expressing an immunogen with 
the amino acid sequence of SEQ ID NO: 56. The mammalian, viral, and bacterial vectors can 
be genetically modified to contain one or more nucleic acid sequences set forith in SEQ ID NOs: 
93-181, 190-195, and 199-204 or variants thereof, having at least 85-99% segquence identity 
thereto, for example at least greater than 90% sequence identity thereto, and complements 


thereof. 
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The vectors may be, for example, plasmids, artificial chromosomes (e.g. BAG, PAC, YAC), and 
virus or phage vectors, and may optionally include a promoter, enhancer, or regulator for the 
expression of the polynucleotide. The vectors may also contain one or more selectable marker 
genes, for example an ampicillin, neomycin, and/or kanamycin resistance gene in the case ofa 
bacterial plasmid or a resistance gene for a fungal vector. Vectors may be used in vitro, for 
example, to produce DNA or RNA or used to transfect or transform a host cell, for example, a 
mammalian host cell, e.g., for the production of protein encoded by the vector. The vectors may 
also be adapted to be used in vivo, for example in a method of DNA vaccination, RNA 
vaccination, or gene therapy. 

Promoters and other expression regulation signals may be selected to be compatible with the 
host cell for which expression is designed. For example, mammalian promoters include the 
metallothionein promoter, which can be induced in response to heavy metals, such as cadmium, 
and the f-actin promoter. A viral promoter, which can be obtained from the genome of a virus, 
such as, for example, polyoma virus, fowlpox virus, adenovirus (A), bovine papilloma virus, 
avian sarcoma virus, cytomegalovirus (CMV), a retrovirus, hepatitis-B virus, and Simian Virus 
40 (SV40), and human papillomavirus (HPV), may also be used. These promoters are well 
known and readily available in the art. 

A preferred promoter element is the CMV immediate early promoter. In some embodiments, the 
expression plasmid is pcDNA3.1+ (Invitrogen, CA, USA). In some embodiments, the 
expression vector is a viral vector, such as a vector derived from adenovirus or poxvirus. 

Viral genomes provide a rich source of vectors that can be used for the efficient delivery of 
exogenous genes into the genome of a cell (e.g., a eukaryotic or prokaryotic cell). Viral 
genomes are particularly useful vectors for gene delivery because the polynucileotides 
contained within such genomes are typically incorporated into the genome of a target cell by 
generalized or specialized transduction. These processes occur as part of the natural viral 
replication cycle, and do not require added proteins or reagents to induce gene integration. 
Examples of viral vectors that can be used to deliver a nucleic acid expressing an immunogen 
(e.g., one of more of SEQ ID NOs: 1-84 or variants thereof having at least 85-99% sequence 
identity thereto, for example at least greater than 90% sequence identity thereto) include a 
retrovirus, adenovirus (e.g., Ad2, Ad5, Ad11, Ad12, Ad24, Ad26, Ad34, Ad35, Ad40, Ad48, 
Ad49, Ad50, Ad52 (e.g., a RhAd52), Ad59 (e.g., a RhAd59), and Pan9 (also known as AdC68)), 
parvovirus (e.9., adeno-associated viruses), coronavirus, negative strand RNA viruses such as 
orthomyxovirus (e.g., influenza virus), rhabdovirus (e.9., rabies and vesicular stomatitis virus), 


paramyxovirus (e.g. measles and Sendai), positive strand RNA viruses, such as picornavirus 


RE - 7.8 


10 


15 


20 


25 


30 


WO 2021/155323 PCT/US2021/015946 


and alphavirus, and double stranded DNA viruses including adenovirus, herpesvirus (e.9., 
Herpes Simplex virus types 1 and 2, Epstein-Barr virus, cytomegalovirus), and poxvirus (e.9., 
vaccinia, modified vaccinia Ankara (MVA), fowlpox and canarypox). Other viruses useful for 
delivering polynucleotides encoding immunogens (e.g., polypeptides) include Norwalk virus, 
togavirus, coronavirus, reoviruses, papovavirus, hepadnavirus, and hepatitis virus, for example. 
Examples of retroviruses include: avian leukosis-sarcoma, mammalian C-type, B-type viruses, 
D-type viruses, HTLV-BLV group, lentivirus, spumavirus (Coffin, J. M., Retroviridae: The viruses 
and their replication, /n Fundamental Virology, Third Edition, B. N. Fields, et al., Eds., Lippincott- 
Raven Publishers, Philadelphia, 1996). For example, the vector can be Ad26. These 
adenovirus vectors can be derived from, for example, human, chimpanzee, or rhesus 
adenoviruses. Other examples include murine leukemia viruses, murine sarcoma viruses, 
mouse mammary tumor virus, bovine leukemia virus, feline leukemia virus, feline sarcoma virus, 
avian leukemia virus, human T-cell leukemia virus, baboon endogenous virus, Gibbon ape 
leukemia virus, Mason Pfizer monkey virus, simian immunodeficiency virus, simian sarcoma 
virus, Rous sarcoma virus and lentiviruses. Other examples of vectors are described, for 
example, in McVey et al., (U.S. Patent. No. 5,801,030); incorporated herein in its entirety by 
reference. The nucleic acid material (e.g., including a nucleic acid molecule) of the viral vector 
may be encapsulated, e.g., in a lipid membrane or by structural proteins (e.g., capsid proteins), 
that may include one or more viral polypeptides (e.g., a glycoprotein). The viral vector can be 
used to infect cells of a subject, which, in turn, promotes the translation of the heterologous 
gene(s) of the viral vector into the immunogens. For example, a viral vector can be genetically 
modified to contain one or more nucleic acid sequences set forth in SEQ ID NOs: 93-181, 190- 
195, and 199-204 or variants thereof having at least 85-99% sequence identity thereto, for 
example at least greater than 90% sequence identity thereto, and complements thereof. 
Adenoviral vectors disclosed in International Patent Application Publications WO 2006/040330 
and WO 2007/104792, each incorporated by reference herein, are particularly useful as vectors. 
These adenoviral vectors can encode and/or deliver one or more of the immunogens (e.9., 
2019-nCovV polypeptides) to treat a subject having a pathological condition associated with a 
viral infection (e.g., a 2019-nCovV infection). In some embodiments, one or more recombinant 
adenovirus vectors can be administered to the subject in order to express more than one type of 
immunogen (e.g., 2019-nCovV polypeptide). In some embodiments, a recombinant adenovirus 
vector can be modified to change the hexon HVR domains (e.9., replace one or more HVRs 
with those of a different serotype). Besides adenoviral vectors, other viral vectors and 


techniques are known in the art that can be used to facilitate delivery and/or expression of one 


- 85 - 


10 


15 


20 


25 


30 


WO 2021/155323 PCT/US2021/015946 


or more of the immunogens in a subject (e.g., a human). These viruses include poxviruses 
(e.g., vaccinia virus and modified vaccinia virus Ankara (MVA); see, e.g., U.S. Patent Nos. 
4,603,112 and 5,762,938, each incorporated by reference herein), herpesviruses, togaviruses 
(e.g., Venezuelan Equine Encephalitis virus; see, e.g., U.S. Patent No. 5,643,576, incorporated 
by reference herein), picornaviruses (e.g., poliovirus; see, e.g., U.S. Patent No. 5,639,649, 
incorporated by reference herein), baculoviruses, and others described by Wattanapitayakul 
and Bauer (Biomed. Pharmacother. 54:487 (2000), incorporated by reference herein). 

Gene transfer techniques using these viruses are known to those skilled in the art. Retrovirus 
vectors for example may be used to stably integrate the polynucleotide into the host genome, 
although such recombination is not preferred. Replication-defective adenovirus vectors by 
contrast remain episomal and therefore allow transient expression. 

Vectors capable of driving expression in insect cells (for example baculovirus vectors), in human 
cells, in yeast or in bacteria may be employed in order to produce quantities of the 2019-nCoV 
protein encoded by the polynucileotides of the present invention, for example, for use as subunit 


vaccines or in immunoassays. 


Antibodies 

Anti-2019-nCov antibodies are capable of specifically binding to a 2019-nCovV polypeptide and 
are capable of inhibiting a 2019-nCoV-mediated activity (e.g., viral spread, infection, and or cell 
fusion) in a subject (e.g., a human). The result of such binding may be, for example, a reduction 
in viral titer (e.g. viral load), by about 1% (e.g., 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, or 90%) or more, after administration of an antibody to a 
subject infected with 2019-nCovV. The anti-2019-nCovV antibodies may selectively bind to an 
epitope comprising all, or a portion of, the Env region of the 2019-nCov polyprotein. In 
particular, the anti-2019-nCovV antibodies may selectively bind to an epitope comprising all, or a 
portion of, any one of SEQ ID NOs: 1-84. For Example, antibodies may bind to an epitope 
comprising all, or a portion of, SEQ ID NO: 28. The antibodies can therefore be used to prevent 
or treat a 2019-nCov infection. 

The specific binding of an antibody or antibody fragment to a 2019-nCovV polyprotein can be 
determined by any of a variety of established methods. The affinity can be represented 
quantitatively by various measurements, including the concentration of antibody needed to 
achieve half-maximal inhibition of viral spread (e.g., viral titer) in vitro (ICso) and the equilibrium 
constant (Ko) of the antibody-2019-nCovV polyprotein complex dissociation. The equilibrium 


constant, Ko, that describes the interaction of 2019-nCov polyprotein with an antibody is the 
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chemical equilibrium constant for the dissociation reaction of a 2019-nCovV polyprotein-antibody 
complex into solvent-separated 2019-nCovV polyprotein and antibody molecules that do not 
interact with one another. 

Antibodies are those that specifically bind to a 2019-nCovV polyprotein (e.g., the Env region of 
2019-nCovV) with a Ko value of less than 1 uM (e.g., 900 nM, 800 nM, 700 nM, 600 nM, 500 nM, 
400 nM, 300 nM, 200 nM, 100 nM, 95 nM, 90 nM, 85 nM, 80 nM, 75 nM, 70 nM, 65 nM, 60nM, 
55 nM, 50 nM, 45 nM, 40 nM, 35 nM, 30 nM, 25 nM, 20 nM, 15 nM, 10nM, 5nM, 41M,3nM,2 
NM, or 1 nM). In certain cases, antibodies are those that specifically bind to a 2019-nCoV 
polyprotein with a Ko value of less than 1 nM (e.g., 990 pM, 980 pM, 970 pM, 960 pM, 950 pM, 
940 pM, 930 pM, 920 pM, 910 pM, 900 pM, 890 pM, 880 pM, 870 pM, 860 pM, 850 pM, 840 pW, 
830 pM, 820 pM, 810 pM, 800 pM, 790 pM, 780 pM, 770 pM, 760 pM, 750 pM, 740 pM, 730 pM, 
720 pM, 710 pM, 700 pM, 690 pM, 680 pM, 670 pM, 660 pM, 650 pM, 640 pM, 630 pM, 620 pMW, 
610 pM, 600 pM, 590 pM, 580 pM, 570 pM, 560 pM, 550 pM, 540 pM, 530 pM, 520 pM, 510 pM, 
500 pM, 490 pM, 480 pM, 470 pM, 460 pM, 450 pM, 440 pM, 430 pM, 420 pM, 410 pM, 400 pM, 
390 pM, 380 pM, 370 pM, 360 pM, 350 pM, 340 pM, 330 pM, 320 pM, 310 pM, 300 pM, 290 pM, 
280 pM, 270 pM, 260 pM, 250 pM, 240 pM, 230 pM, 220 pM, 210 pM, 200 pM, 190 pM, 180 pM, 
170 pM, 160 pM, 150 pM, 140 pM, 130 pM, 120 pM, 110 pM, 100 pM, 90 pM, 80 pM, 70 pM, 60 
pM, 50 pM, 40 pM, 30 pM, 20 pM, 10 pM, 5pM,or1pPM). 

Antibodies can also be characterized by a variety of in vitro binding assays. Examples of 
experiments that can be used to determine the Ko or ICso of a 2019-nCovV antibody include, e.g., 
surface plasmon resonance, isothermal titration calorimetry, fluorescence anisotropy, and 
ELISA-based assays, among others. ELISA represents a particularly useful method for 
analyzing antibody activity, as such assays typically require minimal concentrations of 
antibodies. A common signal that is analyzed in a typical ELISA assay is luminescence, which 
is typically the result of the activity of a peroxidase conjugated to a secondary antibody that 
specifically binds a primary antibody (e.g., a 2019-nCov antibody). Antibodies are capable of 
binding 2019-nCov and epitopes derived thereof, such as epitopes containing one or more of 
residues of any one of SEQ ID NOs: 1-84, as well as isolated peptides derived from 2019-nCoV 
that structurally pre-organize various residues in a manner that may simulate the conformation 
of these amino acids in the native protein. For instance, antibodies may bind peptides 
containing the amino acid sequence of any one of SEQ ID NOs: 1-84, or a peptide containing 
between about 10 and about 30 continuous or discontinuous amino acids of any one of SEQ ID 
NOs: 1-84. Ina direct ELISA experiment, this binding can be quantified, e.g., by analyzing the 


luminescence that occurs upon incubation of an HRP substrate (e.g., 2,2'-azino-di-3- 
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ethylbenzithiazoline sulfonate) with an antigen-antibody complex bound to an HRP-conjugated 
secondary antibody. 

Antibodies include those that are generated by immunizing a host (e.g., a mammalian host, 
such as a human) with the polypeptides of SEQ ID NOs: SEQ ID NOs: 1-84. The antibodies 
can be prepared recombinanily and, if necessary, humanized, for subsequent administration to 
a human recipient if the host in which the anti-2019-nCov antibodies are generated is not a 
human. 

Compositions 

Compositions include DNA or RNA vectors containing a heterologous nucleic acid molecule 
encoding an antigenic or therapeutic gene product, or fragment thereof, from a 2019-nCoV 
(e.g., all or a portion of the nucleic acid molecule of any one of SEQ ID NOs: 93-181, 190-195, 
and 199-204, or a variant thereof having at least 85% (e.g., 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) sequence identity to any one of SEQ ID 
NOs: 93-181, 190-195, and 199-204, and complements thereof). For example, a composition 
can contain a DNA vector containing the nucleic acid molecule of SEQ ID NO: 143 or SEQ ID 
NO: 204. For example, a composition can contain a DNA vector containing the nucleic acid 
molecule of SEQ ID NO: 195. Additional compositions include an immunogenic polypeptide, or 
fragment thereof, from a 2019-nCovV polyprotein (e.g., all or a portion of the polypeptide of SEQ 
ID NO: 1-84, ora variant thereof having at least 85% (e.g., 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) sequence identity to SEQ ID NOs: 1-84). 
For example, a composition can include an immunogenic polypeptide with the amino acid 
sequence of SEQ ID NO: 51. For example, a composition can include an immunogenic 
polypeptide with the amino acid sequence of SEQ ID NO: 28. The compositions may also 
include a 2019-nCov antibody (e.g., an anti-Spike antibody) capable of binding 2019-nCovV and 
epitopes derived thereof, such as epitopes containing one or more of residues of any one of 
SEQ ID NOs: 1-84. For example, a composition can include an antibody capable of binding 
epitopes containing one or more of residues of SEQ ID NO: 28. The antibody may be 
generated by immunization of a host with a polypeptide of any one of SEQ ID NOs: 1-84. For 
example, an antibody may be generated by immunization of a host with a polypeptide having 
the amino acid sequence of SEQ ID NO: 28. 

Optionally, the compositions can be formulated, for example, for administration via a viral vector 
(e.g., an adenovirus vector or a poxvirus vector). Recombinant adenoviruses offer several 
significant advantages for use as vectors for the expression of, for example, one or more of the 


immunogens (e.g., 2019-nCovV polypeptides). The viruses can be prepared to high titer, can 
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infect non-replicating cells, and can confer high-efficiency transduction of target cells ex vivo 
following contact with a target cell population. Furthermore, adenoviruses do not integrate their 
DNA into the host genome. Thus, their use as expression vectors has a reduced risk of 
inducing spontaneocus proliferative disorders. In animal models, adenoviral vectors have 
generally been found to mediate high-level expression for approximately one week. The 
duration of transgene expression (expression of a nucleic acid molecule) can be prolonged by 
using cell or tissue-specific promoters. Other improvements in the molecular engineering of the 
adenovirus vector itself have produced more sustained transgene expression and less 
inflammation. This is seen with so-called “second generation” vectors harboring specific 
mutations in additional early adenoviral genes and “gutless” vectors in which virtually all the viral 
genes are deleted utilizing a Cre-Lox strategy (Engelharat et al., Proc. Nat/. Acad. Sci. USA 
91:6196 (1994) and Kochanek et al., Proc. Nat/. Acad. Sci. USA 93:5731 (1996), each herein 
incorporated by reference). 

Therapeutic formulations of the compositions are prepared for administration to a subject (e.g., 
a human) using standard methods known in the art by mixing the active ingredient having the 
desired degree of purity with optional physiologically acceptable carriers, excipients or 
stabilizers (Remington's Pharmaceutical Sciences (20 edition), ed. A. Gennaro, 2000, 
Lippincott, Williams & Wilkins, Philadelphia, PA). Therapeutic formulations of the compositions 
are prepared using standard methods known in the art by mixing the active ingredient having 
the desired degree of purity with optional physiologically acceptable carriers, excipients or 
stabilizers (Remington's Pharmaceutical Sciences (20î edition), ed. A. Gennaro, 2000, 
Lippincott, Williams & Wilkins, Philadelphia, PA). Acceptable carriers, include saline, or buffers 
such as phosphate, citrate and other organic acids; antioxidants including ascorbic acid; low 
molecular weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, 
gelatin or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone, amino acids 
such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, 
and other carbohydrates including glucose, mannose, or dextrins; chelating agents such as 
EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium; 
and/or nonionic surfactants such as TWVEEN'Y, PLURONICS"", or PEG. 

Optionally, but preferably, the formulation contains a pharmaceutically acceptable salt, 
preferably sodium chloride, and preferably at about physiological concentrations. Optionally, 
the formulations can contain a pharmaceutically acceptable preservative. The preservative 
concentration may range from about 0.1 to about 2.0%, typically v/v. Suitable preservatives 


include those known in the pharmaceutical arts, such as benzyl alcohol, phenol, m-cresol, 
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methylparaben, and propylparaben. Optionally, the formulations can include a pharmaceutically 
acceptable surfactant at a concentration of about 0.005 to about 0.02%. 

Optionally, the compositions may be formulated to include for co-administration, or sequential 
administration with, an adjuvant and/or an immunostimulatory agent, (e.g., a protein), such as 
receptor molecules, nucleic acids, immunogenic proteins, pharmaceuticals, chemotherapy 
agents, and accessory cytokines. For example, interleukin-3 (IL-3), interleukin-4 (IL-4), 
interleukin-5 (IL-5), interleukin-7 (IL-7), interleukin-8 (IL-8), interleukin-10 (IL-10), interleukin-11 
(IL-11), interleukin-12 (IL-12), interleukin-13 (IL-13), lipid A, phospholipase AZ, endotoxins, 
staphylococcal enterotoxin B, Type | interferon, Type Il interferon, transforming growih factor-B 
(TGF-B), lymphotoxin migration inhibition factor, granulocyte-macrophage colony-stimulating 
factor (CSF), monocyte-macrophage CSF, granulocyte CSF, vascular epithelial growth factor 
(VEGF), angiogenin, transforming growth factor (TGF-a), heat shock proteins (HSPs), 
carbohydrate moieties of blood groups, Rh factors, fibroblast growth factors, nucleotides, DNA, 
RNA, mMRNA, MART, MAGE, BAGE, mutant p53, tyrosinase, AZT, angiostatin, endostatin, or a 
combination thereof, may be included in formulations of, or for co-administration with, the 
compositions. 

The pharmaceutical compositions can be administered in a therapeutically effective amount that 
provides an immunogenic and/or protective effect against an infective agent (e.g., a 2019- 
nNCoV). In some embodiments, a composition comprising a nucleic acid molecule, polypeptide, 
vector, and/or antibodies may be formulated for administration at a dose of at least 1-1,000 ug 
(e.g., at least 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 125, 150, 175, 200, 225, 
250, 275, or 300 ug or more). The dose may be in a volume of 0.2 mLto 1.0mLorupto1L 
(e.g., if prepared as an infusion). In some embodiments, a composition comprising a nucleic 
acid molecule, vector, and/or vaccine is administered at a dose of 50 ug. 

The compositions utilized in the methods described herein can be formulated, for example, for 
administration intramusculariy, intravenously, intradermally, percutaneously, intraarterially, 
intraperitoneally, intralesionally, intracranially, intraarticulariy, intraprostatically, intrapleurally, 
intratracheally, intranasally, intravitreally, intravaginally, intrarectally, topically, intratumorally, 
peritoneally, subcutaneocusly, subconjunctivally, intravesicularily, mucosally, intrapericardially, 
intraumbilically, intraoculariy, orally, topically, locally, by inhalation, by injection, by infusion, by 
continuous infusion, by localized perfusion bathing target cells directly, by catheter, by lavage, 
by gavage, in cremes, or in lipid compositions. 

Pharmaceutical compositions according to the invention described herein may be formulated to 


release the composition immediately upon administration (e.g., targeted delivery) or at any 
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predetermined time period after administration using controlled or extended release 
formulations. Administration of the pharmaceutical composition in controlled or extended 
release formulations is useful where the composition, either alone or in combination, has (i) a 
narrow therapeutic index (e.g., the difference between the plasma concentration leading to 
harmiful side effects or toxic reactions and the plasma concentration leading to a therapeutic 
effect is small; generally, the therapeutic index, TI, is defined as the ratio of median lethal dose 
(LDso) to median effective dose (EDso)); (ii) a narrow absorption window at the site of release 
(e.g., the gastro-intestinal tract); or (iii) a short biological half-life, so that frequent dosing during 
a day is required in order to sustain a therapeutic level. 

Many strategies can be pursued to obtain controlled or extended release in which the rate of 
release outweighs the rate of metabolism of the pharmaceutical composition. For example, 
controlled release can be obtained by the appropriate selection of formulation parameters and 
ingredients, including, e.g., appropriate controlled release compositions and coatings. Suitable 
formulations are known to those of skill in the art. Examples include single or multiple unit tablet 
or capsule compositions, oil solutions, suspensions, emulsions, microcapsules, microspheres, 
nanoparticles, patches, and liposomes. 

The compositions may be sterilized by conventional sterilization techniques or may be sterile 
filtered. The resulting aqueous solutions may be packaged for use as is, or lyophilized, the 
lyophilized preparation may be administered in powder form or combined with a sterile agueous 
carrier prior to administration. The pH of the preparations typically will be between 3 and 11, 
more preferably between 5 and 9 or between 6 and 8, and most preferably between 7 and 8, 
such as 7 to 7.5. The resulting compositions in solid form may be packaged in multiple single 
dose units, each containing a fixed amount of an immunogenic composition (e.9., a vaccine or 
an anti-2019-nCovV antibody) and, if desired, one or more immunomodulatory agents, such as in 
a sealed package of tablets or capsules, or in a suitable dry powder inhaler (DPI) capable of 
administering one or more doses. 

Methods of Treatment Using Compositions 

The pharmaceutical compositions (e.g., immunogenic compositions and anti-2019-nCoV 
antibodies) can be used to treat a subject (e.g., a human) at risk of exposure (e.g., due to travel 
to a region where coronavirus (e.g., 2019-nCovV) infection is prevalent) to a coronavirus (e.g., 
2019-nCovV), a subject susceptible to a coronavirus (e.g., 2019-nCovV/) infection, or to treat a 
subject having a coronavirus (e.g., 2019-nCoV) infection. In particular, the compositions can be 
used to treat (pre- or post-exposure) infection by a 2019-nCoV. In some embodiments, the 


treatment can induce a protective level of anti-coronavirus antibodies (e.g., anti-2019-nCoV 
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antibodies, e.g., anti-Spike antibodies, e.g., anti-Spike neutralizing antibodies). In some 
embodiments, the protective level is a titer of at least about 70 as measured using the 
pseudovirus neutralization assay described herein, a titer of at least about 25 as measured 
using the live virus neutralization assay described herein, or is above a level of at least about 
80% of a median or mean level of a cohort of convalescent humans as determined by a 
pseudovirus neutralization assay or live virus neutralization assay as described herein. In some 
embodiments, treatment with a composition may reduce a 2019-nCoV-mediated activity in a 
subject, such as viral titer, viral spread, infection, and or cell fusion. In some embodiments, 
2019-nCoV-mediated activity is viral load in the respiratory tract (e.g., the upper respiratory tract 
and/or the lower respiratory tract). In some embodiments, 2019-nCoV-mediated activity is viral 
load in the lung, nares, and/or trachea. In some embodiments, the 2019-nCov viral load is 
decreased by about 1% or more (e.9., 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%, 99.9%, 99.99%, or more). In some embodiments, 
2019-nCov titer in a treated subject infected with 2019-nCov is decreased by at least about 1% 
or more (e.g., 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
or 90%, 95%, 99%, 99.9%, 99.99%, or more) after administration of a composition (e.g., 
vaccine) to the subject. 

The compositions (e.g., any of the compositions described herein) can be used to induce an 
immune response (e.g., a humoral and/or cellular immune response) in a subject (e.g., a human 
subject). The immune response induced may be different (e.g., different in the specificity, 
robustness, or durability) depending on the composition or combination of compositions 
administered. For example, a composition can induce an antibody response with different 
antibody types (e.g., different proportions of IgM, IgA, lgG1, lgG2, IgG3, or FecgR2A.1) or 
different functional characteristics (e.g., ability to induce antibody-dependent neutrophil 
phagocytosis (ADNP), antibody-dependent complement deposition (ADCD), antibody- 
dependent monocyte cellular phagocytosis (ADCP), or antibody-dependent NK cell activation 
(IFN-y secretion, CD107a degranulation, and MIP-1$B expression)). Compositions described 
herein (e.g., SS-Spike and SS-SaCT) may induce an ADCD response that can be monitored 
(e.g., to assess therapeutic efficacy). Compositions described herein (e.g., SS-RBD-foldon and 
SS-S.Ecto-dF-PP-foldon) may induce an antibody-dependent NK cell activation response that 
can be monitored (e.g., to assess therapeutic efficacy). Compositions may also induce cellular 
responses with different characteristics (e.g., Th1, Th2, or Th17 responses). Compositions 
described herein (e.g., SS-Spike, SS-SaCT, and SS-S.Ecto-dF-PP-foldon) may induce an S- 
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specific CD4* or CD8* T cell response that can be monitored (e.g., to assess therapeutic 
efficacy). 

The vectors (e.g., mammalian, bacterial, or viral (e.g., Ad26) derived expression vectors) can be 
used to deliver a nucleic acid expressing an immunogen (e.g., one of more of SEQ ID NOs: 1- 
84 or variants thereof, having at least 85-99% sequence identity thereto, for example at least 
greater than 90% sequence identity thereto) to a subject in a method of preventing and/or 
treating a 2019-nCovV infection. For example, a vector can be used to deliver a nucleic acid 
(e.g., a nucleic acid containing the nucleotide sequence of SEQ ID NOs: 104 or 204) expressing 
an immunogen with the amino acid sequence of SEQ ID NO: 51. For example, a vector can be 
used to deliver a nucleic acid (e.g., a nucleic acid containing the nucleotide sequence of SEQ ID 
NO: 195) expressing an immunogen with the amino acid sequence of SEQ ID NO: 56. The 
vectors (e.g., mammalian, bacterial, or viral derived expression vectors) can be genetically 
modified to contain one or more nucleic acid sequences set forth in SEQ ID NOs: 93-181, 190- 
195, and 199-204 or variants thereof having at least 85-99% sequence identity thereto, for 
example at least greater than 90% sequence identity thereto, and complements thereof. In 
particular, adenoviral vectors (e.g., vectors derived from Ad2, Ad5, Ad11, Ad12, Ad24, Ad26, 
Ad34, Ad35, Ad40, Ad48, Ad49, Ad50, Ad52 (RhAd52), Ad59 (RhAd59), and Pan9 (also known 
as AdC68)) disclosed in International Patent Application Publications WO 2006/040330 and WO 
2007/104792, each incorporated by reference herein, are particularly useful as vectors in 
methods of delivering an immunogen to a subject. For example, the vector can be Ad26. Other 
examples of vectors are described, for example, in McVey et al., (U.S. Patent. No. 5,801,030); 
incorporated herein, in its entirety, by reference. 

Useful gene therapy methods for the delivery of immunogens to a subject in need thereof 
include those described in PCT publication no. WO 2006/060641, U.S. Patent No. US 
7,179,903, and PCT publication no. WO 2001/036620, which described the use of, for example, 
an adenovirus vector (e.g., vectors derived from Ad2, Ad5, Ad11, Ad12, Ad24, Ad26, Ad34, 
Ad35, Ad40, Ad48, Ad49, Ad50, Ad52 (RhAd52), Ad59 (RhAd59), and Pan9 (also known as 
AdC68)) for therapeutic protein delivery. 

One or more of any of the compositions (e.g., pharmaceutical compositions (e.g., immunogenic 
compositions and anti-2019-nCov antibodies)) described herein can be used in a treatment. 
The treatment can include one or more additional therapeutic agents (e.9., proinflammatory 
(e.g., interferons) or anti-inflammatory agents (e.g., corticosteroids, e.9., dexamethasone)) 
and/or one or more therapeutic interventions (e.g., surgery and prone positioning). The 
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one or more of any of the compositions described herein before disease or at an early stage of 
disease (e.g., within a week of symptom onset), then administration of an additional therapeutic 
agent (e.g., an anti-inflammatory agent (e.g., a corticosteroid, e.g., dexamethasone) at a later 
stage of disease (e.g., after a week of symptom onset))) or simultaneously (e.g., administration 
of one or more of any of the compositions described herein and/or one or more additional 
therapeutic agents). Additional therapeutic agents can include corticosteroids (e.g., 
glucocorticoids (e.g., dexamethasone, prednisone, and hydrocortisone)), interferons (e.g., 
interferon beta), deoxycholic acid, colony stimulating factors (e.g., G-CSF and GM-CSF), and 
non-steroidal anti-inflammatory drugs (e.g., aspirin, propionic acid derivatives such as ibuprofen, 
fenoprofen, ketoprofen, flurbiprofen, oxaprozin and naproxen, acetic acid derivatives such as 
sulindac, indomethacin, etodolac, diclofenac, enolic acid derivatives such as piroxicam, 
meloxicam, tenoxicam, droxicam, lornoxicam and isoxicam, fenamic acid derivatives such as 
mefenamic acid, meclofenamic acid, flufenamic acid, tolfenamic acid, and COX-2 inhibitors such 
as celecoxib, etoricoxib, lumiracoxib, parecoxib, rofecoxib, rofecoxib, and valdecoxib). Other 
agents that can be administered in combination with the compositions described herein include 
remdesivir, chloroquine, hydroxychloroquine, baricitinib, lopinavir/ritonavir, umifenovir, 
favipiravir, tocilizumab, and ribavirin. 

Administration 

The pharmaceutical compositions can be administered to a subject (e.g., a human) pre- or post- 
exposure to an infective agent (e.g., a coronavirus, such as 2019-nCoV) to treat, prevent, 
ameliorate, inhibit the progression of, or reduce the severity of one or more symptoms of 
infection (e.g., a coronavirus infection, such as a 2019-nCov infection). For example, the 
compositions can be administered to a subject having a 2019-nCov infection. Examples of 
symptoms of diseases caused by a viral infection, such as 2019-nCoV, that can be treated 
using the compositions include, for example, fever, pneumonia, respiratory failure, weight loss, 
joint pain, rash, conjunctivitis, muscle pain, headache, retro-orbital pain, edema, 
lymphadenopathy, malaise, asthenia, sore throat, cough, nausea, vomiting, diarrhea, and 
hematospermia. These symptoms, and their resolution during treatment, may be measured by, 
for example, a physician during a physical examination or by other tests and methods known in 
the art. A pharmaceutical composition described herein can be administered to a subject (e.g., 
a human) pre- or post-exposure to an infective agent (e.g., a coronavirus, such as 2019-nCovV) 
to reduce or prevent the risk of mortality caused by the agent. 

The preferred method of administration can vary depending on various factors (e.g., the 
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treated). Formulations suitable for oral or nasal administration may consist of liquid solutions, 
such as an effective amount of the composition dissolved in a diluent (e.g., water, saline, or 
PEG-400), capsules, sachets, tablets, or gels, each containing a predetermined amount of the 
chimeric Ad5 vector composition. The pharmaceutical composition may also be an aerosol 
formulation for inhalation, for example, to the bronchial passageways. Aerosol formulations 
may be mixed with pressurized, pharmaceutically acceptable propellants (e.g9., 
dichlorodifluoromethane, propane, or nitrogen). In particular, administration by inhalation can 
be accomplished by using, for example, an aerosol containing sorbitan trioleate or oleic acid, for 
example, together with trichlorofluoromethane, dichlorofluoromethane, 
dichlorotetrafluoroethane, or any other biologically compatible propellant gas. 

Immunogenicity of the composition may be significantly improved if it is co-administered with an 
immunostimulatory agent and/or adjuvant. Suitable adjuvants well-known to those skilled in the 
art include, for example, aluminum phosphate, aluminum hydroxide, QS21, Quil A (and 
derivatives and components thereof), calcium phosphate, calcium hydroxide, zinc hydroxide, 
glycolipid analogs, octodecyl esters of an amino acid, muramyl dipeptides, polyphosphazene, 
lipoproteins, ISCOM matrix, DC-Chol, DDA, cytokines, and other adjuvants and derivatives 
thereof. 

The compositions may be administered to provide pre-exposure prophylaxis or after a subject 
has been diagnosed as having a viral infection (e.g., 2019-nCov infection) or a subject exposed 
to an infective agent, such as a virus (e.g., a coronavirus infection, such as a 2019%-nCoV). The 
composition may be administered, for example, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30, 35, 40, 
45, 50, 55, or 60 minutes, 2, 4, 6, 10, 15, or 24 hours, 2, 3, 5, or 7 days, 2, 4,6 or 8 weeks, or 
even 3, 4, or 6 months pre-exposure to a 2019-nCovV, or may be administered to the subject 15- 
30 minutes or 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 12, 20, 24, 48, or 72 hours, 2, 3, 5, or 7 days, 2,4,60r 
8 weeks, 3, 4, 6, or 9 months, 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 15, or 20 years or post-exposure to a 
coronavirus (e.g., 2019-nCoV). 

When treating viral infection (e.g., a 2019-nCovV infection), the compositions may be 
administered to the subject either before the occurrence of symptoms or a definitive diagnosis 
or after diagnosis or symptoms become evident. For example, the composition may be 
administered, for example, immediately after diagnosis or the clinical recognition of symptoms 
or 2, 4, 6, 10, 15, or 24 hours, 2, 3, 5, or 7 days after diagnosis or detection of symptoms. 

One or more doses (e.g., 1, 2, 3, 4, 5,6, 7, 8, 9, or 10 doses) of an immunogenic composition or 
anti-2019-nCovV antibody-containing composition may be administered to a subject in need 
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embodiments, a subject is administered at least two doses. In some embodiments, doses are 
administered on the same day. In some embodiments, doses are administered on different 
days. In some embodiments, an immunogenic composition is administered to a subject in need 
thereof as a prime, a boost, or as a prime-boost. In some embodiments, the boost is 
administered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 
26, 27, or 28 days, 5, 6, 7, 8, 9, 10, 11, or 12 weeks, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15,16, 
17, 18, 19, 20, 21, 22, or 23 months, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, or 20 years after the prime ofa 
prime-boost regimen. In other embodiments, multiple boost doses are administered, in which 
each boost does is administered at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28 days, 5, 6, 7, 8, 9, 10, 11, or 12 weeks, 4, 5,6,7,8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23 months, 2, 3, 4, 5,6, 7, 8, 9, 10, 15,or 
20 years apart. 

One or more doses of any of the compositions described herein (e.g., any of the immunogenic 
compositions described herein) may be administered with one or more additional therapeutic 
agents either sequentially or simultaneously. 

Dosages 

The dose of the compositions or the number of treatments using the compositions may be 
increased or decreased based on the severity of, occurrence of, or progression of, the disease 
in the subject (e.g., based on the severity of one or more symptoms of, e.g., viral infection). 

The pharmaceutical compositions can be administered in a therapeutically effective amount that 
provides an immunogenic and/or protective effect against an infective agent (e.g., a 2019- 
nNCoV). In some embodiments, a composition comprising a nucleic acid molecule, polypeptide, 
vector, and/or antibodies may be administered in a dose of at least 1 ug to 100 mg (e.g., at least 
10 ug, 20 ug, 30 ug, 40 ug, 50 ug, 60 ug, 70 ug, 80 ug, 90 ug, 100 ug, 125 ug, 1509, 175 9, 
200 ug, 225 ug, 250 ug, 275 ug, 300 ug, 325 ug, 350 ug, 375 ug, 400 ug, 425 ug, 450 ug, 475 
Hg, 500 ug, 525 ug, 550 ug, 575 ug, 600 ug, 625 ug, 650 ug, 675 ug, 700 ug, 725 ug, 750 Hg, 
775 ug, 800 ug, 825 ug, 850 ug, 875 ug, 900 ug, 925 ug, 950 ug, 975 ug, 1mg, 2m9, 3mg, 4 
mg, 5 mg, 6mg, 7mg, 8mg, 9 mg, 10 ma, 11 mg, 12 mg, 13 mg, 14ma, 15 mg, 16mg, 17 mg, 
18 mg, 19 mg, 20 mg, 25 mg, 30 mg, 40 mag, 50 mg, 60 mg, 70 mg, 80 mg, 90 mg or more). In 
some embodiments, a composition comprising a nucleic acid molecule, vector, and/or antibody 
is administered at a dose of about 50 ug (e.g., a dose between about 25 ug and about 75 49). 
In some embodiments, a composition comprising a nucleic acid molecule, vector, and/or 


antibody is administered at a dose of about 5 mg (e.g., a dose of about 1 mg to about 10 mg). 
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In some instances, administration of an effective amount of a composition (e.9., an immunogen, 
such as SEQ ID NOs: 1-84) induces a protective level (e.g., above atiter of at least about 70 as 
measured using the pseudovirus neutralization assay described herein, above a titer of at least 
about 25 as measured using the live virus neutralization assay described herein, or is above a 
level of at least about 80% of a median or mean level of a cohort of convalescent humans as 
determined by a pseudovirus neutralization assay or live virus neutralization assay as described 
herein) of anti-coronavirus antibodies (e.g., anti-2019-nCovV antibodies, e.g., anti-Spike 
antibodies, e.g., anti-Spike neutralizing antibodies). In some instances, the protective level is a 
titer of at least about 70 (e.g., at least about 80, at least about 100, or at least about 120) as 
measured using the pseudovirus neutralization assay described herein. In some instances, the 
protective level is a titer of at least about 100, as measured using the pseudovirus neutralization 
assay described herein. In some instances, administration of an effective amount of a 
composition results in a protective level of anti-coronavirus antibodies (e.g., anti-2019-nCoV 
antibodies, e.g., anti-Spike antibodies, e.g., anti-Spike neutralizing antibodies) that are 
maintained for at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12 months or 1,2, 3,4,5,6,7,8, 
9, 10, 11, 12, 13, 14, 15 years or more. 

In some instances, administration of an effective amount of a composition (e.g., an immunogen, 
such as SEQ ID NOs: 1-84) reduces 2019-nCoV serum viral loads determined from a subject 
having a 2019-nCovV infection by at least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, or more compared to viral loads determined from the patient prior to administration 
of an effective amount of a composition. In some instances, administration of an effective 
amount of a composition reduces serum viral loads to an undetectable level compared to viral 
loads determined from the patient prior to administration of an effective amount of a 
composition. In some instances, administration of an effective amount of a composition results 
in a reduced and/or undetectable serum viral load that may be maintained for at least about 1, 
2, 3,4, 5,6, 7 days; 1,2, 3, 4, weeks; 1,2, 3,4,5,6, 7,8, 9, 10, 11,or 12 months;or 1 yearor 
more. 

The dosage administered dependas on the subject to be treated (e.g., the age, body weight, 
capacity of the immune system, and general health of the subject being treated), the form of 
administration (e.g9., as a solid or liquid), the manner of administration (e.g., by injection, 
inhalation, or dry powder propellant), and the cells targeted (e.g., epithelial cells, such as blood 
vessel epithelial cells, nasal epithelial cells, or pulmonary epithelial cells). The composition is 
preferably administered in an amount that provides a sufficient level of the antigenic or 


therapeutic gene product, or fragment thereof (e.g., a level of an antigenic gene product that 
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elicits an immune response without undue adverse physiological effects in the host caused by 
the antigenic gene product). 

The method of delivery, for example of a DNA or RNA vaccine, may also determine the dose 
amount. In some cases, dosage administered by injections by intravenous (i.v.) or 
intramuscular (i.m.) route may require variable amounts of a DNA or RNA vaccine, for example 
from 10 ug-1 mg. However, administration using a gene gun may require a dose of a DNA or 
RNA vaccine between 0.2 ug and 20 ug (e.g., 0.2, 0.1, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1,2, 3,4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,or20ug). In some instances, the use ofa 
gene gun to deliver a dose of a DNA or RNA vaccine may require only ng quantities of DNA or 
RNA, for example between 10 ng and 200 ng (e.g., 10, 12, 13, 14, 15, 16, 17, 18, 19, 20.30, 40, 
50, 60, 70, 80, 90, 100, 125, 150, 175, or 200 ng). 

In other embodiments wherein the delivery vector is a virus (e.g., an Ad26 virus), the subject 
can be administered at least about 1x10% viral particles (VP)/dose or between 1x10" and 1x1020 
VP/dose (e.g., 1x10", 1x102, 1x105, 1x10, 1x105, 1x105, 1x107, 1x108, 1x109, 1x1010, 1x1011, 
1x1012, 1x1013, 1x1014, 1x1015, 1x1015, 1x1017, 1x1018, 1x1018, or 1x102 VP/dose). For 
example, the subject can be administered about 1x106 to about 1x101+ VP/dose (e.g., about 
1x10”, about 1x105, about 1x10%, about 1x1010, about 1x1011, about 1x1012, about 1x1015, about 
1x1014, or about 1x1015 VP/dose). For example, the subject can be administered about 1x10", 
about 1x1012, about 1x1015, or about 1x1014 VP/dose. 

In addition, single or multiple administrations of the compositions of the present invention may 
pe given (pre- or post-exposure and/or pre- or post-diagnosis) to a subject (e.9., one 
administration or administration two or more times). For example, subjects who are particulariy 
susceptible to, for example, viral infection (e.g., a 2019-nCovV infection) may require multiple 
treatments to establish and/or maintain protection against the virus. Levels of induced immunity 
provided by the pharmaceutical compositions described herein can be monitored by, for 
example, measuring amounts of neutralizing secretory and serum antibodies. The dosages 
may then be adjusted or repeated as necessary to trigger the desired level of immune response. 
For example, the immune response triggered by a single administration (prime) of a composition 
may not sufficiently potent and/or persistent to provide effective protection. Accordingly, in 
some embodiments, repeated administration (boost), such that a prime boost regimen is 
established, can significantly enhance humoral and cellular responses to the antigen of the 
composition. 

Alternatively, the efficacy of treatment can be determined by monitoring the level of the 


antigenic or therapeutic gene product, or fragment thereof, expressed in a subject (e.g., a 
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human) following administration of the compositions. For example, the blood or lymph of a 
subject can be tested for antigenic or therapeutic gene product, or fragment thereof, using, for 
example, standard assays known in the art. 

In some instances, efficacy of treatment can be determined by monitoring a change in the 
serum viral load from a sample from the subject obtained prior to and after administration of an 
effective amount of a composition (e.g., an immunogen, such as any one of SEQ ID NOs: 1-84). 
A reduction in serum viral load of at least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, or more compared to viral load determined from the subject prior to administration of 
an effective amount of a composition may indicate that the subject is receiving benefit from the 
treatment. If a viral load does not decrease by at least about 10%, 20%, 30%, or more after 
administration of a composition, the dosage of the composition to be administered may be 
increased. For example, by increasing the ug or mg amount of a DNA vaccine (e.g., a DNA 
vaccine containing one or more of SEQ ID NOs: 93-181, 190-195, and 199-204) administered to 
the subject or by increasing the number of viral particles (VP) of an adenovirus vector-based 
vaccine (e.g., an adenovirus vector-based vaccine containing one or more of SEQ ID NOs: 93- 
181, 190-195, and 199-204). 

A single dose of a composition may achieve protection, pre-exposure or pre-diagnosis. In 
addition, a single dose administered post-exposure or post-diagnosis can function as a 
treatment according to the present invention. 

A single dose of a composition can also be used to achieve therapy in subjects being treated for 
an infection (e.g., a coronavirus infection, such as a 2019-nCovV infection). Multiple doses (e.g,, 
2, 3,4, 5,6, 7, 8, 9, 10, 15, 20 or more doses) can also be administered, in necessary, to these 
subjects. 

Methods of Diagnosing and Predicting Susceptibility to Coronavirus Infection 

Diagnostic Methods 

Provided herein are methods for identifying, diagnosing, and/or predicting the susceptibility of a 
subject to a coronavirus infection. The method includes measuring the level or amount of an 
anti-coronavirus antibody (e.g., an anti-Spike antibody) in a sample (e.g., a whole blood sample, 
e.9., a serum or plasma sample) from the subject. In some embodiments, the coronavirus is 
2019-nCoV. In some embodiments, the anti-coronavirus antibody (e.g., an anti-Spike antibody) 
is a neutralizing antibody. In some embodiments, the subject is determined to be susceptible to 
the coronavirus infection if the anti-coronavirus antibody (e.g., an anti-Spike antibody) amount 
or level is below a protective level (e.g., below a titer of at least about 70 as measured using the 


pseudovirus neutralization assay described herein, below a titer of at least about 25 as 
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measured using the live virus neutralization assay described herein, or below 80% of a median 
level of a cohort of convalescent humans (e.g., a group of humans who have recovered or are 
recovering from a coronavirus infection (e.g., 2019-nCovV)) as determined by a pseudovirus 
neutralization assay or live virus neutralization assay) and determined to not be susceptible to 
the coronavirus infection if the anti-coronavirus antibody (e.g., an anti-Spike antibody) level is 
above a protective level. In some embodiments, the protective level is an anti-coronavirus 
antibody titer (e.g., an anti-Spike neutralizing antibody titer) of at least about 70 (e.g., about 70, 
71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 9%, 
96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 110, 115, 120, 125, 130, 140, 150, 175, 200, 225, 
250, 275, 300, 325, 350 or more) as determined in a pseudovirus neutralization assay. In some 
embodiments, the protective level is an anti-coronavirus antibody titer (e.g., an anti-Spike 
neutralizing antibody titer) of at least about 83 as determined in a pseudovirus neutralization 
assay. In some embodiments, the protective level is an anti-coronavirus antibody titer (e.g., an 
anti-Spike neutralizing antibody titer) of at least about 25 (e.g., about 25, 26, 27, 28, 29, 30, 31, 
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81,82, 83, 84,85, 
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 110, 115, 
120, 125, 130, 140, 150, 175, 200 or more) as determined in a live virus neutralization assay. In 
some embodiments, the protective level is an anti-coronavirus antibody titer (e.g., an anti-Spike 
neutralizing antibody titer) of at least about 35 as determined in a live virus neutralization assay 
In some embodiments, the protective level is an anti-coronavirus antibody titer (e.g., an anti- 
Spike neutralizing antibody titer) that is at least about 60% (e.g., about 61%, about 62%, about 
63%, about 64%, about 65%, about 66%, about 67%, about 68%, about 69%, about 70%, about 
71%, about 72%, about 73%, about 74%, about 75%, about 76%, about 77%, about 78%, about 
79%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 
88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 
96%, about 97%, about 98%, about 99%, about 100%, about 110%, about 120%) of a median 
or mean level of a cohort of convalescent humans as determined by a pseudovirus 
neutralization assay or live virus neutralization assay as described herein. In some 
embodiments, the protective level is an anti-coronavirus antibody titer (e.g., an anti-Spike 
neutralizing antibody titer) that is at least about 80% of a median or mean level of a cohort of 
convalescent humans as determined by a pseudovirus neutralization assay or live virus 
neutralization assay as described herein. A subject determined to be susceptible to the 


coronavirus infection (a subject with an anti-coronavirus antibody (e.g., an anti-Spike antibody) 
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amount or level is below a protective level (e.g., below a titer of at least about 70 as measured 
using the pseudovirus neutralization assay described herein, below a titer of at least about 25 
as measured using the live virus neutralization assay described herein, or below 80% of a 
median level of a cohort of convalescent humans (e.g., a group of humans who have recovered 
or are recovering from a coronavirus infection (e.g., 2019-nCoV)) as determined by a 
pseudovirus neutralization assay or live virus neutralization assay)) can be administered a 
therapy (e.g., administered any of the compositions described herein), such as an effective 
amount of one or more of the pharmaceutical compositions (e.g., immunogenic compositions 
and anti-2019-nCov antibodies) described herein. A subject may be re-administered a therapy 
until the subject is determined to not be susceptible to the coronavirus infection (e.g., until the 
subject has an anti-coronavirus antibody (e.g., an anti-Spike antibody) level is above a 
protective level (e.g., a level above a titer of at least about 70 as measured using the 
pseudovirus neutralization assay described herein, above a titer of at least about 25 as 
measured using the live virus neutralization assay described herein, or is at a level that is at 
least 80% of a median level (and preferably at or above a median level) of an anti-coronavirus 
antibody of a cohort of convalescent humans (e.g., a group of humans who have recovered or 
are recovering from a coronavirus infection (e.g., 2019-nCovV)) as determined by a pseudovirus 
neutralization assay or live virus neutralization assay)). The method may also involve 
determining whether the anti-Spike antibody is an RBD-specific antibody. The method may also 
involve determining whether the anti-Spike antibody is an S1-specific antibody. The method 
may also involve determining whether the anti-Spike antibody is an S2-specific antibody. The 
method may also involve identifying the subclass (e.g., lgM, IgA, I9G1, lgG2, lIgG3, or 
FcgR2A.1) and/or effector function (e.g., antibody-dependent neutrophil phagocytosis (ADNP), 
antibody-dependent complement deposition (ADCD), antibody-dependent monocyte cellular 
phagocytosis (ADCP), or antibody-dependent NK cell activation (IFN-y secretion, CD107a 
degranulation, and MIP-1B expression)) of the anti-coronavirus antibody. The method may 
further include administering one or more of the pharmaceutical compositions (e.9., 
immunogenic compositions and anti-2019-nCovV antibodies) described herein to a subject 
determined to be in need of further therapy. 

The method may include measuring the coronavirus (e.g., 2019-nCovV/) viral load in a sample 
from the subject. In some embodiments, the sample is a bronchoalveolar lavage (BAL) or a 
nasal swab (NS). In some embodiments, the sample is a bodily fluid (e.g., blood, e.g., whole 
blood or plasma) from the subject. In some embodiments, the sample is a tissue sample (e.g., 


a respiratory tract tissue sample) from the subject. In some embodiments, viral load is a 
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detectible nucleic acid (e.g., subgenomic mRNA) level or a detectible protein (e.g., nucleocapsid 
protein (N)) level. In some embodiments, the detectible nucleic acid (e.g., subgenomic mRNA) 
is determined by RNA-seg, RT-qgPCR, gPCR, multiplex gPCR or RT-gPCR, LAMP, microarray 
analysis, or hybridization (e.g., ISH (e.g., FISH)). In some embodiments, the detectible protein 
(e.g., nucleocapsid protein (N)) is determined by an immunoassay (e.g., an 
immunohistochemical (IHC) assay or a lateral flow immunoassay). In some embodiments, a 
detectable viral load indicates that the subject is susceptible to disease (e.g., a 2019-nCov- 
mediated disease, e.g., COVID-19, e.g., severe COVID-19 disease). In some embodiments, a 
viral load of greater than at least about 3.5 log10 sS9gmRNA copies/mL (e.g., about 3.75 logo 
SgmRNA copies/mL, about 3.8 log10 sS9gmRNA copies/mL, about 3.9 log: sSagmRNA copies/mL, 
about 4.0 I0910 sgmRNA copies/mL, about 4.25 10910 sS9gmRNA copies/mL, about 4.5 10910 
SgmRNA copies/mL, about 4.75 log10 s9gmRNA copies/mL, about 5.0 logo sgmRNA copies/mL, 
about 5.5 10910 sSg9gmRNA copies/mL, about 6.0 log10 sg9gmRNA copies/mL, about 6.5 logo 
SgmRNA copies/mL, about 7.0 logo s9mRNA copies/mL, about 7.5 Iog10 S9gmRNA copies/mL, 
about 8.0 log10 samRNA copies/mL, about 8.5 10910 sS9gmRNA copies/mL, about 9 log: sg9gmRNA 
copies/mL, about 10 10919 S9gmRNA copies/mL, about 11 logo sg9gmRNA copies/mL, about 12 
IOg10 S9gmRNA copies/mL, about 13 log10 S9mRNA copies/mL or more). In some embodimenits, 
a viral load of greater than 3.85 logo sgmRNA copies/mL in BAL or 3.78 10910 S9gmRNA 
copies/mL in NS indicates that the subject is susceptible to disease (e.g., a 2019-nCov- 
mediated disease, e.g., COVID-19, e.g., severe COVID-19 disease). In some embodiments, a 
viral load of greater than 3.85 logo sg9gmRNA copies/mL in BAL or 3.78 logo sg9gmRNA copies/mL 
in NS indicates that the subject is susceptible to severe COVID-19 disease. In some 
embodiments, a viral load of greater than about 2.0 logo sgmRNA copies/g (e.g., about 2.0 
9910 S9MRNA copies/g, about 2.5 Iog10 S9mRNA copies/g, about 3.0 10910 s9gmRNA copies/g, 
about 3.5 10910 sSg9gmRNA copies/g, about 4.0 10910 S9mRNA copies/g, about 4.25 10910 S9gmRNA 
copies/g, about 4.5 log10 s9gmRNA copies/g, about 4.75 10910 s9gmRNA copies/g, about 5.0 log 
S9gmRNA copies/g, about 5.5 Iog10 s9gmRNA copies/g, about 6.0 lo910 sgmRNA copies/g, about 
6.5 IOg10 S9MRNA copies/g, about 7.0 logo samRNA copies/g, about 7.5 I0910 Sg9gmRNA 
copies/g, about 8.0 logo samRNA copies/g, about 8.5 I0910 sgmRNA copies/g, about 9 logo 
S9gmRNA copies/g, about 10 logo samRNA copies/g, about 11 Io910 sg9gmRNA copies/g, about 
12 log10 S9gmRNA copies/g, about 13 log10 samRNA copies/g or more) of tissue indicates that 
the subject is susceptible to severe COVID-19 disease. In some embodiments, a viral load of 
greater than about 8.0 log10 sagmRNA copies/g in lung tissue, about 7.0 log10 sagmRNA copies/g 


in nares tissue, about 6.0 logo sgmRNA copies/g in trachea tissue, about 5.5 I0910 sgmRNA 
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copies/g in heart tissue, or about 2.0 log: samRNA copies/g in GI, spleen, liver, kidney, or brain 
tissue indicates that the subject is susceptible to severe COVID-19 disease. In some 
embodiments, a viral load of greater than about 3% (e.g., about 4%, about 5%, about 6%, about 
7%, about 8%, about 9%, about 10%) SARS-Cov-2 vRNA staining by ISH indicates that the 
subject is susceptible to disease (e.g., a 2019-nCoV-mediated disease, e.g., COVID-19, e.g., 
severe COVID-19 disease). In some embodiments, a viral load of greater than about 5% (e.g., 
about 5%, about 6%, about 7%, about 8%, about 9%, about 10%) SARS-Cov-2 vRNA staining 
by ISH indicates that the subject is susceptible to severe COVID-19 disease. In some 
embodiments, a viral load of greater than about 5% (e.g., about 5%, about 6%, about 7%, about 
8%, about 9%, about 10%) SARS-Cov-2 vRNA staining by ISH indicates that the subject is 
susceptible to severe COVID-19 disease. In some embodiments, coronavirus (e.g., 2019- 
nCoV) viral load is measured one or more times over about 1, 2, 3, 4, 5, or6 days or 1,2, 3,4, 
5, 6, or 7 weeks post-infection. 

Monitoring Responsiveness 

Provided herein are methods for monitoring an anti-coronavirus immune response of a subject 
to a therapeutic composition (e.g., any of the compositions or immunogenic compositions 
described herein or known in the art) for treating or reducing the risk of a coronavirus infection. 
The method includes measuring the level or amount of an anti-coronavirus antibody (e.g., an 
anti-Spike antibody) in the subject. In some embodiments, the coronavirus is 2019-nCoV. In 
some embodiments, the anti-coronavirus antibody (e.g., an anti-Spike antibody) is a neutralizing 
antibody. The anti-coronavirus antibody (e.g., an anti-Spike antibody, e.g., an anti-Spike 
neutralizing antibody) may be measured in a short timeframe (e.g., in order to measure the 
robustness of the antibody response) or a longer timeframe (e.g., in order to measure the 
durability of the antibody response) after administration of a therapeutic composition (e.g., any 
of the compositions or immunogenic compositions described herein). In some embodiments, 
the anti-coronavirus antibody (e.g., an anti-Spike antibody) is measured about 1, 2, 3, 4, 5,6,7, 
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28 days, about 5, 6, 
7, 8, 9, 10, 11, or 12 weeks, about 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21, 
22, or 23 months, or about 2, 3, 4, 5, 6, 7, 8, 9, 10, 15,or20 years after the subject is 
administered the therapeutic composition (e.g., any of the compositions or immunogenic 
compositions described herein). 

The subject is determined to be responsive to the therapeutic composition if the anti-coronavirus 
antibody (e.g., an anti-Spike antibody) detected in the subject (e.g., in the subject's blood) is 


above a protective level (e.g., above a titer of at least about 70 as measured using the 
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pseudovirus neutralization assay described herein, above a titer of at least about 25 as 
measured using the live virus neutralization assay described herein, or is at a level that is at 
least 80% of a median level (and preferably at or above a median level) of an anti-coronavirus 
antibody of a cohort of convalescent humans (e.g., a group of humans who have recovered or 
are recovering from a coronavirus infection (e.g., 2019-nCoV)) as determined by a pseudovirus 
neutralization assay or live virus neutralization assay). Alternatively, the subject is determined 
to be non-responsive to the therapeutic composition if the anti-coronavirus antibody (e.g., an 
anti-Spike antibody) detected in the subject is below a protective level (e.g., below a titer of at 
least about 70 as measured using the pseudovirus neutralization assay described herein, below 
a titer of at least about 25 as measured using the live virus neutralization assay described 
herein, or is at a level that is below 80% of a median level of a cohort of convalescent humans 
as determined by a pseudovirus neutralization assay or live virus neutralization assay). A 
protective level of an anti-coronavirus antibody (e.g., an anti-Spike neutralizing antibody) 
corresponds to a titer of at least about 70 (e.g., about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 
105, 110, 115, 120, 125, 130, 140, 150, 175, 200, 225, 250, 275, 300, 325, 350 or more) as 
determined in a pseudovirus neutralization assay (e.g., the pseudovirus neutralization assay 
described herein). In some embodiments, the protective level is an anti-coronavirus antibody 
titer (e.g., an anti-Spike neutralizing antibody titer) of at least about 25 (e.g., about 25, 26, 27, 
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 50, 51, 52, 53, 54, 55, 5, 
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,81, 
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 
105, 110, 115, 120, 125, 130, 140, 150, 175, 200 or more) as determined in a live virus 
neutralization assay(e.g., the pseudovirus neutralization assay described herein). In some 
embodiments, the protective level is an anti-coronavirus antibody titer (e.g., an anti-Spike 
neutralizing antibody titer) that is at least about 60% (e.g., about 61%, about 62%, about 63%, 
about 64%, about 65%, about 66%, about 67%, about 68%, about 69%, about 70%, about 71%, 
about 72%, about 73%, about 74%, about 75%, about 76%, about 77%, about 78%, about 79%, 
about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, 
about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, 
about 97%, about 98%, about 99%, about 100%, about 110%, about 120%) of a median or 
mean level of a cohort of convalescent humans as determined by a pseudovirus neutralization 


assay or live virus neutralization assay as described herein. 
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If, over time, an anti-coronavirus antibody (e.g., an anti-Spike antibody) titer in the subject (e.g., 
in the blood of a subject) falls below or fails to reach a protective level (e.g., below a titer of at 
least about 70 as measured using the pseudovirus neutralization assay described herein, below 
a titer of at least about 25 as measured using the live virus neutralization assay described 
herein, or below 80% of a median level of a cohort of convalescent humans as determined by a 
pseudovirus neutralization assay or live virus neutralization assay described herein), the subject 
may be administered or may be re-administered a coronavirus vaccine composition (e.g., one or 
more of the therapeutic or immunogenic compositions described herein) alone or in combination 
with an additional therapeutic agent, such as one or more of the additional therapeutic agents 
described herein. Administration of a composition of the present disclosure to a subject in need 
thereof can be performed one or more times (e.g., 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13,14, 15 
or more times) over one or more days (e.g., 1, 2, 3, 4, 5, 6, or 7 days), weeks (e.g., 1,2, 3,4,5, 
6, 7, or 8 weeks), months (e.g., 2, 3, 4, 5,6, 7, 8, 9, 10, 11, or 12 months), oryears (e.g., 1,2,3, 
4, 5,6, 7,8, 9, 10 or more years), or over the life of the subject, as needed to maintain a 
protective level of an anti-coronavirus antibody in the subject, thereby protecting the subject 
against coronavirus infection (e.g., infection by 2019-nCoV). 

The method may include measuring the coronavirus (e.g., 2019-nCovV) viral load in a sample 
from the subject. In some embodiments, the coronavirus is 2019-nCoV. In some embodiments, 
the viral load is measured about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 30, 36, 42, or 48 hours or about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28 days post-infection. In some embodiments, the 
sample is a bronchoalveolar lavage (BAL) or a nasal swab (NS). In some embodiments, the 
sample is a bodily fluid (e.g., blood, e.g., whole blood or plasma) from the subject. In some 
embodiments, the sample is a tissue sample (e.g., a respiratory tract tissue sample) from the 
subject. In some embodimenis, viral load is a detectible nucleic acid (e.g., subgenomic mRNA) 
level or a detectible protein (e.g., nucleocapsid protein (N)) level. In some embodimenits, the 
detectible nucleic acid (e.g., subgenomic mRNA) is determined by RNA-seg, RT-aPCR, gPCR, 
multiplex qPCR or RT-qPCR, LAMP, microarray analysis, or hybridization (e.g., ISH (e.g., 
FISH)). In some embodiments, the detectible protein (e.g., nucleocapsid protein (N)) is 
determined by an immunoassay (e.g., an immunohistochemical (IHC) assay or a lateral flow 
immunoassay). The subject is determined to be responsive to the therapeutic composition if the 
viral load is below a pre-assigned level. In some embodiments, the pre-assigned level is less 
than about 3.5 log10 sS9gmRNA copies/mL BAL or NS or less than about 5.0 log10 samRNA 


copies/g of tissue (e.g., lung, nares, trachea, heart, GI, spleen, liver, kidney, or brain tissue). In 
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some embodiments, the subject is determined to be responsive to the therapeutic composition if 
the viral load decreases in the subject. 

If the subject is not determined to be responsive as determined by viral load, then the subject 
may be administered or may be re-administered a coronavirus vaccine composition (e.g., one or 
more of the therapeutic or immunogenic compositions described herein) alone or in combination 
with an additional therapeutic agent, such as one or more of the additional therapeutic agents 
described herein. 

Administration of a composition of the present disclosure to a subject in need thereof can be 
performed one or more times (e.g., 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15or more times) 
over one or more days (e.g., 1,2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 
21, 22, 23, 24, 25, 26, 27, or 28 days) as needed to reduce the viral load. 

Other Embodiments 

All publications, patents, and patent applications mentioned in this specification are incorporated 
herein by reference to the same extent as if each independent publication or patent application 
was specifically and individually indicated to be incorporated by reference. 

While the invention has been described in connection with specific embodiments thereof, it will 
be understood that it is capable of further modifications and this application is intended to cover 
any variations, uses, or adaptations following, in general, the principles and including such 
departures from the invention that come within known or customary practice within the art to 
which the invention pertains and may be applied to the essential features hereinbefore set forth, 


and follows in the scope of the claims. 


The present invention further provides: 


Embodiment 1 is an isolated nucleic acid molecule comprising a nucleotide sequence that 
encodes a 2019-NCOV Spike (S) protein comprising the following modifications to the full-length 
amino acid sequence of SEQ ID NO: 29: 

a. stabilising mutations to proline at amino acids 986 and 987; and 

b. mutations to the furin cleavage site (SEQ ID NO: 90). 


Embodiment 2 is the isolated nucleic acid molecule of embodiment 1 comprising a nucleotide 
sequence of SEQ ID NO: 211. 
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Embodiment 3 is the isolated nucleic acid molecule of embodiment 1 or 2 comprising a 
nucleotide sequence that encodes a 2019-NCOV Spike (S) protein comprising an amino acid 
sequence of SEQ ID NO: 205. 


Embodiment 4 is the isolated nucleic acid molecule of embodiment 1 comprising a nucleotide 
sequence that encodes a polypeptide having at least 85% sequence identity to an amino acid 
sequence of SEQ ID NO: 51. 


Embodiment 5 is the isolated nucleic acid molecule of embodiment 1 or 4 comprising a 
nucleotide sequence that encodes a polypeptide having at least 99% sequence identity to an 


amino acid sequence of SEQ ID NO: 51. 


Embodiment 6 is the isolated nucleic acid molecule of embodiment 1 comprising a nucleotide 
sequence that encodes a polypeptide having at least 85% sequence identity to an amino acid 
sequence of SEQ ID NO: 54. 


Embodiment 7 is the isolated nucleic acid molecule of embodiment 1 comprising a nucleotide 
sequence that encodes a polypeptide having at least 85% sequence identity to an amino acid 
sequence of SEQ ID NO: 56. 


Embodiment 8 is the isolated nucleic acid molecule of embodiment 1 comprising a nucleotide 
sequence having at least 85% sequence identity to SEQ ID NO: 121, or a complementary 


sequence thereof. 


Embodiment 9 is the isolated nucleic acid molecule of embodiment 4 or 5 comprising a 
nucleotide sequence having at least 85% sequence identity to SEQ ID NO: 143, ora 


complementary sequence thereof. 
Embodiment 10 is the isolated nucleic acid molecule of embodiment 6 or 7 comprising a 


nucleotide sequence having at least 85% sequence identity to SEQ ID NO: 146, ora 


complementary sequence thereof. 
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Embodiment 11 is the isolated nucleic acid molecule of embodiment 6 or 7 comprising a 
nucleotide sequence having at least 85% sequence identity to SEQ ID NO: 148, ora 


complementary sequence thereof. 


Embodiment 12 is the isolated nucleic acid molecule of embodiment 1 that encodes a 2019- 
NCOV Spike (S) protein comprising the following further modification to the full-length amino 
acid sequence of SEQ ID NO: 29: 


c. deletion of the signal sequence. 


Embodiment 13 is the isolated nucleic acid molecule of embodiment 1 or 12 comprising a 
nucleotide sequence that encodes a polypeptide having at least 85% sequence identity to an 


amino acid sequence of SEQ ID NO: 23. 


Embodiment 14 is the isolated nucleic acid molecule of embodiment 1, 12 or 13 comprising a 
nucleotide segquence that encodes a polypeptide having at least 99% sequence identity to an 
amino acid sequence of SEQ ID NO: 23. 


Embodiment 15 is the isolated nucleic acid molecule of embodiment 1 or 12 comprising a 
nucleotide segquence that encodes a polypeptide having at least 85% sequence identity to an 
amino acid sequence of SEQ ID NO: 26. 


Embodiment 16 is the isolated nucleic acid molecule of embodiment 1, 12 or 13 comprising a 
nucleotide sequence having at least 85% sequence identity to SEQ ID NO: 115, ora 


complementary sequence thereof. 


Embodiment 17 is the isolated nucleic acid molecule of embodiment 15 comprising a nucleotide 


sequence having at least 85% sequence identity to SEQ ID NO: 118, or a complementary 


sequence thereof. 


Embodiment 18 is the isolated nucleic acid molecule of any preceding embodiment, wherein the 


nucleic acid encoding the 2019-NCOV Spike (S) protein is operably linked to a cytomegalovirus 


(CMV) promoter, preferably the CMV immediate early promoter. 
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Embodiment 19 is the isolated nucleic acid molecule of any preceding embodiment, wherein the 
nucleic acid encoding the 2019-NCOV Spike (S) protein is operably linked to a cytomegalovirus 


(CMV) promoter comprising at least one tetracycline operator (TetO) motif. 


Embodiment 20 is the isolated nucleic acid molecule according to embodiment 19, wherein the 
CMV promoter comprising at least one TetO motif comprises a nucleotide sequence of SEQ ID 
NO: 219. 


Embodiment 21 is the isolated nucleic acid molecule according to embodiment 19 or 20, 


wherein the CMV promotor consists of the nucleotide sequence of SEQ ID NO: 219. 


Embodiment 22 is an isolated 2019-NCOV Spike (S) protein comprising the following 
modifications to the full-length amino acid sequence of SEQ ID NO: 29: 

a. stabilising mutations to proline at amino acids 986 and 987; and 

b. mutations to the furin cleavage site (SEQ ID NO: 90. 


Embodiment 23 is the isolated 2019-NCOV Spike (S) protein of embodiment 22 comprising an 
amino acid sequence of SEQ ID NO: 205. 

Embodiment 24 is the isolated 2019-NCOV Spike (S) protein of embodiment 22 comprising an 
amino acid sequence having at least 85% sequence identity to an amino acid sequence of SEQ 
ID NO: 51. 


Embodiment 25 is the isolated 2019-NCOV Spike (S) protein of embodiment 22 or 23 
comprising an amino acid sequence having at least 99% sequence identity to an amino acid 
sequence of SEQ ID NO: 51. 


Embodiment 26 is the isolated 2019-NCOV Spike (S) protein of embodiment 22 comprising an 
amino acid sequence having at least 85% sequence identity to an amino acid sequence of SEQ 
ID NO: 54. 


Embodiment 27 is the isolated 2019-NCOV Spike (S) protein of embodiment 22 comprising an 


amino acid sequence having at least 85% sequence identity to an amino acid sequence of SEQ 
ID NO: 56. 
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Embodiment 28 is the isolated 2019-NCOV Spike (S) protein of embodiment 22 comprising the 
following further modification to the full-length amino acid sequence of SEQ ID NO: 29: 


c. deletion of the signal sequence. 


Embodiment 29 is the isolated 2019-NCOV Spike (S) protein of embodiment 22 or 28 
comprising an amino acid sequence having at least 85% sequence identity to an amino acid 
sequence of SEQ ID NO: 23. 


Embodiment 30 is the isolated 2019-NCOV Spike (S) protein of embodiment 22, 28 or 29 
comprising an amino acid sequence having at least 99% sequence identity to an amino acid 
sequence of SEQ ID NO: 23. 


Embodiment 31 is the isolated 2019-NCOV Spike (S) protein of embodiment 22 or 28 
comprising an amino acid sequence having at least 85% sequence identity to an amino acid 


sequence of SEQ ID NO: 26. 


Embodiment 32 is an isolated vector comprising one or more of the nucleic acid molecules of 
any one of embodiments 1-21. 


Embodiment 33 is the vector of embodiment 32, wherein the vector is replication-defective. 


Embodiment 34 is the vector of embodiment 32, wherein the vector is a mammalian, bacterial, 


or viral vector. 

Embodiment 35 is the vector of embodiment 32, wherein the vector is an expression vector. 
Embodiment 36 is the vector of embodiment 32, wherein the viral vector is a virus selected from 
the group consisting of a retrovirus, adenovirus, adeno-associated virus, parvovirus, 
coronavirus, negative strand RNA viruses, orthomyxovirus, rhabdovirus, paramyxovirus, positive 
strand RNA viruses, picornavirus, alphavirus, double stranded DNA viruses, herpesvirus, 


Epstein-Barr virus, cytomegalovirus, fowlpox, and canarypox. 


Embodiment 37 is the vector of embodiment 36, wherein the vector is an adenovirus. 
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Embodiment 38 is the vector of embodiment 37, wherein the adenovirus is selected from the 
group consisting of Ad26, Ad52, Ad59, Ad2, Ad5, Ad11, Ad12, Ad24, Ad34, Ad35, Ad40, Ad48, 
Ad49, Ad50, and Pan9, in particular Ad26. 


Embodiment 39 is a composition comprising the nucleic acid molecule of any one of 
embodiments 1-21, the polypeptide of any one of embodiments 22-31 or the vector of any one 
of embodiments 32-38. 


Embodiment 40 is the composition of embodiment 39, further comprising a pharmaceutically 


acceptable carrier, excipient, or diluent. 


Embodiment 41 is the composition of embodiment 39 or 40, further comprising an adjuvant or 


an immunostimulatory agent. 


Embodiment 42 is an immunogenic composition comprising the nucleic acid molecule of any 
one of embodiments 1-21, the polypeptide of any one of embodiments 22-31 or the vector of 
any one of embodiments 32-38. 


Embodiment 43 is the immunogenic composition of embodiment 42, wherein the immunogenic 
composition is a vaccine. 


Embodiment 44 is a composition for use in treating or reducing the risk of a coronavirus 
infection, such as a 2019-nCov infection, in a subject in need thereof, comprising a 
therapeutically effective amount of the composition of any one of embodiments 39-41 or the 


immunogenic composition of embodiment 42 or 43. 


Embodiment 45 is a composition for use in reducing a coronavirus-mediated activity (e.g., 2019- 
nCoV-mediated activity) in a subject infected with a 2019-nCovV, comprising a therapeutically 
effective amount of the composition of any one of embodiments 39-41 or the immunogenic 


composition of embodiment 42 or 43. 


Embodiment 46 is a composition for use in prevention of moleculariy confirmed, moderate to 
severe/critical COVID-19 in a subject in need thereof, comprising administering to the subject a 


composition according to any one of embodiments 39-41 or the immunogenic composition of 


- 111.- 


10 


15 


20 


25 


30 


WO 2021/155323 PCT/US2021/015946 


embodiment 42 or 43, wherein the composition is for administration at a dose of 5x1010 vp per 


dose in a one dose regimen. 


Embodiment 47 is a method of manufacturing an immunogenic composition for treating or 
reducing the risk of a coronavirus (e.g., 2019%-NCOV/) infection in a subject in need thereof, said 
method comprising the steps of: 

(a) admixing at least one of the nucleic acid molecule of any one of embodiments 1-21, the 
polypeptide of any one of embodiments 22-31, the vector of any one of embodiments 32-38, the 
composition of any one of embodiments 39-41 with a pharmaceutically acceptable carrier, 
excipient, or diluent to form the immunogenic composition; and 


(b) placing the immunogenic composition in a container. 


Embodiment 48 is a kit comprising: 

(a) a first container comprising at least one of the nucleic acid molecule of any one of 
embodiments 1-21, the polypeptide of any one of embodiments 22-31, the vector of any one of 
embodiments 32-38, the composition of any one of embodiments 39-41, and the immunogenic 
composition of embodiment 42 or 43; 


(b) instructions for use thereof; and optionally 
(c) a second container comprising a pharmaceutically acceptable carrier, excipient, or 


diluent. 


Embodiment 49 is the kit of embodiment 48, wherein the first container further comprises a 


pharmaceutically acceptable carrier, excipient, or diluent. 


Embodiment 50 is a kit of embodiment 48 or 49, wherein the kit optionally includes an adjuvant 


and/or an immunostimulatory agent. 


Embodiment 51 is an isolated and/or recombinant nucleic acid encoding a coronavirus S protein 


comprising a nucleotide sequence of SEQ ID NO: 211, or a fragment thereof. 


Embodiment 52 is an isolated and/or recombinant coronavirus S protein comprising an amino 


acid sequence of SEQ ID NO: 205, or a fragment thereof. 
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Embodiment 53 is a nucleic acid encoding a coronavirus S protein according to embodiment 52. 


Embodiment 54 is the nucleic acid according to embodiment 51 or 53, which is codon optimized 


for expression in human cells. 


Embodiment 55 is a vector comprising a nucleic acid according to embodiment 51, 53, or 54. 


Embodiment 56 is a vector comprising a nucleic acid encoding a protein according to 


embodiment 52. 


Embodiment 57 is the vector according to embodiment 55 or 56, wherein the vector is a 


recombinant human adenoviral vector. 


Embodiment 58 is the vector according to embodiment 57, wherein the nucleic acid encoding 
the coronavirus S protein is operably linked to a cytomegalovirus (CMV) promoter comprising at 
least one tetracycline operator (TetO) motif. 


Embodiment 59 is the vector of embodiment 58, wherein the CMV promoter comprising at least 
one TetO motif comprises a nucleotide sequence of SEQ ID NO: 219. 


Embodiment 60 is the vector according to embodiment 57, 58, or 59, wherein the recombinant 
human adenovirus has a deletion in the E1 region, a deletion in the E3 region, or a deletion in 


both the E1 and the E3 region of the adenoviral genome. 


Embodiment 61 is the vector according to any one of embodiments 58-60, wherein the vector is 


a recombinant human adenovirus of serotype 26. 


Embodiment 62 is a composition comprising a nucleic acid according to embodiment 51, 53 or 
54, a protein according to embodiment 52 and/or a vector according to any one of embodiments 
55-61. 


Embodiment 63 is a vaccine against COVID-19 comprising a nucleic acid according to any one 
of the embodiments 51, 53 or 54, a protein according to embodiment 52 and/or a vector 


according to any one of embodiments 55-61. 
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Embodiment 64 is the vaccine according to embodiment 63, comprising a recombinant human 
adenovirus of serotype 26 that comprises nucleic acid encoding a SARS-Cov-2 S protein that 


comprises the amino acid sequence of SEQ ID NO: 205, or a fragment thereof. 


Embodiment 65 is a method for vaccinating a subject against COVID-19, the method comprising 


administering to the subject a vaccine according to embodiment 63 or 64. 


Embodiment 66 is a method for reducing infection and/or replication of SARS-CovV-2 in a 
subject, comprising administering to the subject a composition according to embodiment 59 or a 


vaccine according to embodiment 63 or 64. 


Embodiment 67 is a method for prevention of moleculariy confirmed, moderate to severe/critical 
COVID-19 in a subject, comprising administering to the subject a vaccine according to 


embodiment 60 or 61 given in a one or two dose vaccine regimen. 


Embodiment 68 is a method for prevention of moleculariy confirmed, moderate to severe/critical 
COVID-19 as compared to placebo, in a SARS-CovV-2 seronegative adult subject, comprising 
administering to the subject a vaccine according to embodiment 63 or 64 given in a one or two 
dose vaccine regimen. 


Embodiment 69 is a method for reducing SARS-CovV-2 Viral Load as Assessed by Quantitative 
Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) in Participants with MolecularIy 
Confirmed, Moderate to Severe/Critical COVID-19 in a subject, comprising administering to the 
subject a vaccine according to embodiment 63 or 64 given in a one or two dose vaccine 


regimen. 


Embodiment 70 is the method according to any one of embodiments 65-69, wherein the subject 


is suspected to suffer from or is diagnosed with an infection by SARS-Cov-2. 


Embodiment 71 is the method according to any one of embodiments 65-70, wherein the vaccine 


is administered intramuscularly. 
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Embodiment 72 is the method according to any one of embodiments 65-71, wherein the vaccine 
is administered in a two dose vaccine regimen comprising a dose of 5 x 1010 vp or 1 x 101! vp 


per dose given about 8 weeks apart. 


Embodiment 73 is the method according to any one of embodiments 65-72, consisting of a 
single administration of a dose of 5 x 1010 vp or 1 x 10"! vp per dose of the vaccine to the 


subject. 


Embodiment 74 is an isolated host cell comprising a recombinant human adenovirus of serotype 


26 comprising a nucleic acid encoding a SARS-Cov-2 S protein or fragment thereof. 


Embodiment 75 is a method for making a vaccine against COVID-19, comprising providing a 
recombinant human adenovirus of serotype 26 that comprises nucleic acid encoding a SARS- 
CovV-2 S protein or fragment thereof, propagating said recombinant adenovirus in a culture of 
host cells, isolating and purifying the recombinant adenovirus, and formulating the recombinant 
adenovirus in a pharmaceutically acceptable composition. 


Embodiment 76 is an isolated recombinant nucleic acid that forms the genome of a recombinant 
human adenovirus of serotype 26 that comprises nucleic acid encoding a SARS-Cov-2 S 
protein or fragment thereof. 


Embodiment 77 is an isolated nucleic acid molecule comprising a nucleotide sequence that 
encodes a polypeptide having at least 85% sequence identity to an amino acid sequence of any 
one of SEQ ID NOs: 1-84. 


Embodiment 78 is the nucleic acid molecule of embodiment 77, wherein 

a) the polypeptide is capable of eliciting an immune response in a subject; or 

b) the polypeptide has at least 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% 
sequence identity to, or the polypeptide sequence of, any one of SEQ ID NOs: 1-84. 


Embodiment 79 is the nucleic acid molecule of embodiment 77 or 78, wherein the polypeptide 
has the amino acid sequence of SEQ ID NO: 56. 
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Embodiment 80 is an isolated nucleic acid molecule comprising a nucleotide sequence having 
at least 85% sequence identity to all or a portion of any one of SEQ ID NOs: 93-181, 190-195, 


and 199-204, or a complementary sequence thereof. 


Embodiment 81 is the isolated nucleic acid molecule of embodiment 80, wherein said nucleic 

acid molecule has at least 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% sequence 
identity to, or the nucleotide sequence of, any one of SEQ ID NOs: 93-181, 190-195, and 199- 
204. 


Embodiment 82 is the isolated nucleic acid molecule of embodiment 80 or 81, wherein the 
nucleic acid molecule, or a portion thereof, is capable of eliciting an immune response in a 


subject. 


Embodiment 83 is the isolated nucleic acid molecule of any one of embodiments 80-82, wherein 


the nucleic acid molecule has the nucleotide sequence of SEQ ID NO: 195. 


Embodiment 84 is an isolated polypeptide comprising an amino acid sequence having at least 
85% sequence identity to all or a portion of any one of SEQ ID NOs: 1-84. 

Embodiment 85 is the isolated polypeptide of embodiment 84, wherein said polypeptide has at 
least 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% sequence identity to, or the amino 
acid sequence of, any one of SEQ ID NOs: 1-84. 


Embodiment 86 is the isolated polypeptide of embodiment 84 or 85, wherein the polypeptide, or 


a portion thereof, is capable of eliciting an immune response in a subject. 


Embodiment 87 is the isolated polypeptide of any one of embodiments 84-86, wherein the 


polypeptide has the amino acid sequence of SEQ ID NO: 28. 


Embodiment 88 is an isolated vector comprising one or more of the nucleic acid molecules of 


any one of embodiments 77-83. 


Embodiment 89 is the vector of embodiment 88, wherein the vector is replication-defective. 
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Embodiment 90 is the vector of embodiment 88 or 89, wherein the vector is a mammalian, 


pacterial, or viral vector. 


Embodiment 91 is the vector of embodiment 90, wherein the vector is an expression vector. 


Embodiment 92 is the vector of embodiment 90, wherein the viral vector is a virus selected from 
the group consisting of a retrovirus, adenovirus, adeno-associated virus, parvovirus, 
coronavirus, negative strand RNA viruses, orthomyxovirus, rhabdovirus, paramyxovirus, positive 
strand RNA viruses, picornavirus, alphavirus, double stranded DNA viruses, herpesvirus, 


Epstein-Barr virus, cytomegalovirus, fowlpox, and canarypox. 


Embodiment 93 is the vector of embodiment 92, wherein the vector is an adenovirus. 


Embodiment 94 is the vector of embodiment 93, wherein the adenovirus is selected from the 
group consisting of Ad26, Ad52, Ad59, Ad2, Ad5, Ad11, Ad12, Ad24, Ad34, Ad35, Ad40, Ad48, 
Ad49, Ad50, and Pan9. 


Embodiment 95 is the vector of embodiment 94, wherein the Ad52 is a rhesus Ad52 or the Ad26 
is a rhesus Ad26. 

Embodiment 96 is an isolated antibody that specifically binds to the polypeptide of any one of 
embodiments 84-87. 


Embodiment 97 is the antibody of embodiment 96, wherein the antibody is generated by 
immunizing a mammal with the nucleic acid of any one of embodiments 77-82, the polypeptide 


of any one of embodiments 84-87, or the vector of any one of embodiments 88-95. 


Embodiment 98 is the antibody of embodiment 97, wherein the mammal is a human, cow, goat, 


mouse, or rabbit. 


Embodiment 99 is the antibody of embodiments 96 or 97, wherein the antibody is humanized. 


Embodiment 100 is the antibody of any one of embodiments 96-99, wherein the antibody is an 
IgG. 
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Embodiment 101 is the antibody of any one of embodiments 96-100, wherein the antibody is a 
bis-Fab, Fv, Fab, Fab'-SH, F(ab')2, a diabody, a linear antibody, or a scFV. 


Embodiment 102 is a method of producing an anti-2019-Wuhan coronavirus (2019-nCovV) 
antibody, comprising administering an amount of the nucleic acid molecule of any one of 
embodiments 77-83, the polypeptide of any one of embodiments 84-87, and/or the vector of any 
one of embodiments 88-95 to a subject sufficient to elicit the production of neutralizing anti- 


2019-nCovV antisera after administration to said subject. 


Embodiment 103 is an isolated anti-2019-nCov antibody produced by the method of 


embodiment 102. 


Embodiment 104 is the antibody of embodiment 103, wherein the antibody binds to an epitope 
within any one of SEQ ID NOs: 1-84. 


Embodiment 105 is a composition comprising the nucleic acid molecule of any one of 
embodiments 77-83, the polypeptide of any one of embodiments 84-87, the vector of any one of 
embodiments 88-95 or the antibody of any one of embodiments 96-101 or 103-104. 


Embodiment 106 is the composition of embodiment 105, further comprising a pharmaceutically 


acceptable carrier, excipient, or diluent. 


Embodiment 107 is the composition of embodiment 105 or 106, further comprising an adjuvant 


or an immunostimulatory agent. 
Embodiment 108 is an immunogenic composition comprising the nucleic acid molecule of any 
one of embodiments 77-82, the polypeptide of any one of embodiments 84-87, the vector of any 


one of embodiments 88-95, or the antibody of any one of embodiments 96-101 or 103-104. 


Embodiment 109 is the immunogenic composition of embodiment 108, wherein the 


immunogenic composition is a vaccine. 
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Embodiment 110 is the immunogenic composition of embodiment 108, wherein said 
immunogenic composition is capable of treating or reducing the risk of a coronavirus infection 


(e.g., a 2019-nCovV infection) in a subject in need thereof. 


Embodiment 111 is the immunogenic composition of any one of embodiments 108-110, wherein 
said immunogenic composition elicits production of neutralizing anti-2019-nCov antisera after 


administration to said subject. 


Embodiment 112 is the immunogenic composition of any one of embodiments 108-111, wherein 


the subject is a mammal. 


Embodiment 113 is the immunogenic composition of embodiment 112, wherein the mammal is 


a human. 


Embodiment 114 is the immunogenic composition of embodiment 113, wherein the human has 
an underlying health condition. 


Embodiment 115 is the immunogenic composition of embodiment 114, wherein the underlying 
health condition is hypertension, diabetes, or cardiovascular disease. 


Embodiment 116 is a method of identifying, diagnosing, and/or predicting the susceptibility of a 
subject to a coronavirus infection comprising determining whether the subject has a protective 
level of an anti-coronavirus antibody (such as an anti-Spike antibody) in a sample from the 
subject, wherein preferably the protective level is: 

(i) a level that is at or above a titer of at least about 70, as determined using a 
pseudovirus neutralization assay; or 

(ii) a level that is at or above a titer of at least about 25, as determined using a live virus 
neutralization assay; or 

(iii) a level that is at least 80% of a median level of an anti-coronavirus antibody in a 
cohort of convalescent humans, as determined by a pseudovirus neutralization assay or live 


virus neutralization assay. 


Embodiment 117 is the method of embodiment 116, wherein the method further comprises 


administering an effective amount of the composition of any one of embodiments 105-107 or the 
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immunogenic composition of any one of embodiments 108-115 to the subject having less than a 


protective level of the anti-coronavirus antibody. 


Embodiment 118 is the method of embodiment 116 or 117, wherein the method further 


comprises identifying a class of the anti-coronavirus antibody (e.g., the anti-Spike antibody). 


Embodiment 119 is the method of embodiment 118, whereinthe class is IgG. 


Embodiment 120 is the method of any one of embodiments 116-119, wherein the sample is a 


bodily fluid from the subject, wherein preferably the bodily fluid is blood. 


Embodiment 121 is the method of any one of embodiments 116-120, wherein the coronavirus is 
2019-nCov. 


Embodiment 122 is a method of treating or reducing the risk of a coronavirus infection in a 
subject in need thereof, comprising administering a therapeutically effective amount of the 
composition of any one of embodiments 105-107 or the immunogenic composition of any one of 
embodiments 108-115 to said subject. 


Embodiment 123 is the method of embodiment 122, further comprising measuring an anti- 


coronavirus antibody (e.g., an anti-Spike antibody) level in the subject. 


Embodiment 124 is the method of embodiment 123, wherein the anti-coronavirus antibody level 


in the subject is measured before and/or after the administration. 


Embodiment 125 is the method of embodiment 124, wherein the anti-coronavirus antibody level 
in the subject is measured one or more times over about 1, 2, 3, 4, 5, or6 days, 1,2, 3,4,5,6, 


or 7 weeks, 2, 3, 4, 5, or 6 months, 1, 2, 3, 4, or5 years after administration. 


Embodiment 126 is the method of any one of embodiments 122-125, wherein the anti- 
coronavirus antibody level of the subject is below a protective level and wherein the method 
further comprises re-administering the composition of any one of embodiments 105-107 or the 
immunogenic composition of any one of embodiments 108-115 to said subject or administering 


a different anti-coronavirus composition to the subject. 
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Embodiment 127 is the method of embodiment 126, wherein the protective level is a level 


sufficient to reduce symptoms or duration of a coronavirus-mediated disease. 


Embodiment 128 is the method of embodiment 126 or 127, wherein the protective level is: 

(i) a level that is at or above a titer of at least about 70, as determined using a 
pseudovirus neutralization assay; or 

(ii) a level that is at or above a titer of at least about 25, as determined using a live virus 
neutralization assay; or 

(iii) a level that is at least 80% of a median level of an anti-coronavirus antibody in a 
cohort of convalescent humans, as determined by a pseudovirus neutralization assay or live 


virus neutralization assay. 


Embodiment 129 is the method of any one of embodiments 122-128, wherein the coronavirus is 
2019-nCovV. 


Embodiment 130 is a method of reducing a coronavirus-mediated activity (e.g., 2019-nCov- 
mediated activity) in a subject infected with a 2019-nCoV, comprising administering a 
therapeutically effective amount of the composition of any one of embodiments 105-107 or the 
immunogenic composition of any one of embodiments 108-115 to said subject. 


Embodiment 131 is the method of embodiment 130, wherein the therapeutically effective 
amount is sufficient to produce a log serum anti-Spike antibody titer greater than 2 in a subject, 


as measured by an ELISA assay. 
Embodiment 132 is the method of embodiment 131, wherein the therapeutically effective 
amount is between 15 ug and 300 ug of the composition of any one of embodiments 105-107 or 


the immunogenic composition of any one of embodiments 108-115. 


Embodiment 133 is the method of any one of embodiments 130-132, wherein said activity is 


viral titer, viral spread, infection, or cell fusion. 
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Embodiment 134 is the method of embodiment 133, wherein said viral titer is decreased after 
administration of the composition of any one of embodiments 105-107 or the immunogenic 


composition of any one of embodiments 108-115. 


Embodiment 135 is the method of embodiment 134, wherein the viral titer is decreased by 25% 


or more. 


Embodiment 136 is the method of embodiment 135, wherein the viral titer is decreased by 50% 


or more. 


Embodiment 137 is the method of embodiment 136, wherein the viral titer is decreased by 75% 


or more. 


Embodiment 138 is the method of embodiment 137, wherein the coronavirus is undetectable 


after said administration. 


Embodiment 139 is the method of any one of embodiments 130-138, wherein said administering 
occurs prior to exposure to the coronavirus. 


Embodiment 140 is the method of embodiment 139, wherein said administering occurs at least 


1 hour prior to exposure to said coronavirus. 


Embodiment 141 is the method of embodiment 140, wherein said administering occurs at least 


1 week, 1 month, or a year prior to exposure to said coronavirus. 


Embodiment 142 is the method of any one of embodiments 130-138, wherein said administering 


occurs post-exposure to the coronavirus. 


Embodiment 143 is the method of embodiment 142, wherein said administering occurs at least 


15 minutes post-exposure to said coronavirus. 


Embodiment 144 is the method of embodiment 143, wherein said administering occurs at least 


1 hour, 1 day, 1 week, post-exposure to said coronavirus. 
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Embodiment 145 is the method of any one of embodiments 130-144, wherein said subject is 
administered at least one dose of the nucleic acid molecule, polypeptide, vector, composition, 


immunogenic composition, and antibody. 


Embodiment 146 is the method of embodiment 145, wherein said subject is administered at 


least two doses. 


Embodiment 147 is the method of embodiment 146, wherein said nucleic acid molecule, 
polypeptide, vector, composition, or immunogenic composition is administered to said subject 


as a prime, a boost, or as a prime-boost. 


Embodiment 148 is the method of any one of embodiments 130-147, wherein the nucleic acid 
molecule, polypeptide, vector, composition, immunogenic composition, or antibody is 
administered intramusculariy, intravenously, intradermally, percutaneously, intraarterially, 
intraperitoneally, intralesionally, intracranially, intraarticulariy, intraprostatically, intrapleurally, 
intratracheally, intranasally, intravitreally, intravaginally, intrarectally, topically, intratumorally, 
peritoneally, subcutaneously, subconjunctivelly, intravesicularily, mucosally, intrapericardially, 
intraumbilically, intraocularly, orally, topically, locally, by inhalation, by injection, by infusion, by 
continuous infusion, by localized perfusion bathing target cells directly, by catheter, by lavage, 
by gavage, in creams, or in lipid compositions. 


Embodiment 149 is the method of any one of embodiments 130-148, wherein the subject is a 


mammal. 


Embodiment 150 is the method of embodiment 149, wherein the mammal is a human. 


Embodiment 151 is the method of embodiment 150, wherein the human has an underlying 


health condition. 


Embodiment 152 is the method of embodiment 151, wherein the underlying health condition is 


hypertension, diabetes, or cardiovascular disease. 


Embodiment 153 is the method of any one of embodiments 130-152, wherein the method 


promotes an immune response in said subject. 
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Embodiment 154 is the method of embodiment 153, wherein the immune response is a humoral 


immune response. 


Embodiment 155 is the method of embodiment 154, wherein the humoral immune response is 


an IgG response. 


Embodiment 156 is a composition for use in treating or reducing the risk of a coronavirus 
infection, such as a 2019-nCovV infection, in a subject in need thereof, comprising a 
therapeutically effective amount of the composition of any one of embodiments 105-107 or the 


immunogenic composition of any one of embodiments 108-115. 


Embodiment 157 is a composition for use in reducing a coronavirus-mediated activity (e.g., 
2019-nCoV-mediated activity) in a subject infected with a 2019-nCoV, comprising a 
therapeutically effective amount of the composition of any one of embodiments 105-107 or the 
immunogenic composition of any one of embodiments 108-115. 


Embodiment 158 is a method of manufacturing an immunogenic composition for treating or 
reducing the risk of a coronavirus (e.g., 2019-nCoV) infection in a subject in need thereof, said 
method comprising the steps of: 

(a) admixing at least one of the nucleic acid molecule of any one of embodiments 77-83, 
the polypeptide of any one of embodiments 84-87, the vector of any one of embodiments 88-95, 
the composition of any one of embodiments 105-107, and the antibody of any one of 
embodiments 96-101 or 102-104 with a pharmaceutically acceptable carrier, excipient, or 
diluent to form the immunogenic composition; and 


(b) placing the immunogenic composition in a container. 


Embodiment 159 is a kit comprising: 

(a) a first container comprising at least one of the nucleic acid molecule of any one of 
embodiments 77-83, the polypeptide of any one of embodiments 84-87, the vector of any one of 
embodiments 88-95, the composition of any one of embodiments 105-107, the immunogenic 
composition of any one of embodiments 108-115, and the antibody of any one of embodiments 
96-101 or 103-104; 


(b) instructions for use thereof; and optionally 
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(c) a second container comprising a pharmaceutically acceptable carrier, excipient, or 


diluent. 


Embodiment 160 is the kit of embodiment 159, wherein the first container further comprises a 


pharmaceutically acceptable carrier, excipient, or diluent. 


Embodiment 161 is a kit of embodiment 159 or 160, wherein the kit optionally includes an 


adjuvant and/or an immunostimulatory agent. 


Embodiment 162 is the isolated nucleic acid molecule of any one of embodiments 80-82, 


wherein the nucleic acid molecule has the nucleotide sequence of SEQ ID NO: 143. 


Embodiment 163 is the isolated nucleic acid molecule of any one of embodiments 80-82, 


wherein the nucleic acid molecule has the nucleotide sequence of SEQ ID NO: 204. 


Embodiment 164 is the isolated nucleic acid molecule of any one of embodiments 80-82, 
wherein the nucleic acid molecule has the nucleotide sequence of nucleotides 19-3837 of SEQ 
ID NO: 204. 


Embodiment 165 is the isolated polypeptide of any one of embodiments 84-86, wherein the 
polypeptide has the amino acid sequence of SEQ ID NO: 51. 


Embodiment 166 is the vector of embodiment 88, wherein the vector is Ad26. 


Embodiment 167 is the antibody of embodiment 93, wherein the antibody is generated by 
immunizing a mammal with a nucleic acid comprising SEQ ID NO: 143, nucleotides 19-3837 of 
SEQ ID NO: 204 or SEQ ID NO: 204, a polypeptide comprising the amino acid sequence of 
SEQ ID NO: 51, or an Ad26 vector comprising a nucleic acid comprising SEQ ID NO: 143, 
nucleotides 19-3837 of SEQ ID NO: 204 or SEQ ID NO: 204. 


Embodiment 168 is the method of embodiment 102, comprising administering an amount of a 
nucleic acid molecule comprising SEQ ID NO: 143, nucleotides 19-3837 of SEQ ID NO: 204 or 
SEQ ID NO: 204, a polypeptide comprising the amino acid sequence of SEQ ID NO: 51, or an 
Ad26 vector comprising a nucleic acid comprising SEQ ID NO: 143, nucleotides 19-3837 of 
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SEQ ID NO: 204 or SEQ ID NO: 204 to a subject sufficient to elicit the production of neutralizing 


anti-2019-nCovV antisera after administration to said subject. 


Embodiment 169 is a composition comprising the nucleic acid molecule of any one of 
embodiments 162-164, the polypeptide of embodiment 165, the vector of embodiment 166 or 
the antibody of embodiments 167 or 168. 


Embodiment 170 is an immunogenic composition comprising the nucleic acid molecule of any 
one of embodiments 162-164, the polypeptide of embodiment 165, the vector of embodiment 
166 or the antibody of embodiments 167 or 168. 


Embodiment 171 is a method of treating or reducing the risk of a coronavirus infection in a 
subject in need thereof, comprising administering a therapeutically effective amount of the 
composition of embodiment 169 or the immunogenic composition of embodiment 170 to said 
subject. 

Embodiment 172 is a method of reducing a coronavirus-mediated activity (e.g., 2019-nCov- 
mediated activity) in a subject infected with a 2019-nCoV, comprising administering a 
therapeutically effective amount of the composition of embodiment 169 or the immunogenic 
composition of embodiment 170 to said subject. 


Embodiment 173 is a composition for use in treating or reducing the risk of a coronavirus 
infection, such as a 2019-nCov infection, in a subject in need thereof, comprising a 
therapeutically effective amount of the composition of embodiment 169 or the immunogenic 


composition of embodiment 170. 


Embodiment 174 is a composition for use in reducing a coronavirus-mediated activity (e.g., 
2019-nCoV-mediated activity) in a subject infected with a 2019-nCoV, comprising a 
therapeutically effective amount of the composition of embodiment 169 or the immunogenic 


composition of embodiment 170. 


Embodiment 175 is the use of at least one of the nucleic acid molecule of any one of 
embodiments 1-21, the polypeptide of any one of embodiments 22-31, the vector of any one of 
embodiments 32-38, the composition of any one of embodiments 39-41, and the immunogenic 


composition of embodiment 42 or 43, in the preparation of a medicament for the treatment, or 
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reduction of the risk, of a coronavirus infection, such as a 2019-nCov infection, in a subject in 


need thereof. 


Embodiment 176 is the use of at least one of the nucleic acid molecule of any one of 
embodiments 1-21, the polypeptide of any one of embodiments 22-31, the vector of any one of 
embodiments 32-38, the composition of any one of embodiments 39-41, and the immunogenic 
composition of embodiment 42 or 43, in the preparation of a medicament for the reduction of a 
coronavirus-mediated activity (e.g., 2019-nCoV-mediated activity) in a subject infected with a 
2019-nCovV. 


Embodiment 177 is the use of at least one of the nucleic acid molecule of any one of 
embodiments 1-21, the polypeptide of any one of embodiments 22-31, the vector of any one of 
embodiments 32-38, the composition of any one of embodiments 39-41, and the immunogenic 
composition of embodiment 42 or 43, in the preparation of a medicament for the prevention of 
molecularly confirmed, moderate to severe/critical COVID-19 in a subject in need thereof, 
wherein the composition is for administration at a dose of 5x1010 vp per dose in a one dose 


regimen. 


Embodiment 178 is the vaccine according to embodiment 63 or 64, for use in vaccinating a 
subject against COVID-19. 


Embodiment 179 is the vaccine according to embodiment 63 or 64 or the composition of 


embodiment 62, for use in reducing infection and/or replication of SARS-CovV-2 in a subject. 


Embodiment 180 is the vaccine according to embodiment 64 or 64, for use in the prevention of 
molecularly confirmed, moderate to severe/critical COVID-19 in a subject, in a one or two dose 


vaccine regimen. 


Embodiment 181 is the vaccine according to embodiment 63 or 64, for use in the prevention of 
molecularly confirmed, moderate to severe/critical COVID-19 as compared to placebo, in SARS- 


CoV-2 seronegative adult subjects, in a one or two dose vaccine regimen. 


Embodiment 182 is the vaccine according to embodiment 63 or 64, for use in reducing SARS- 


CoV-2 Viral Load as Assessed by Quantitative Reverse-Transcriptase Polymerase Chain 
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Reaction (RT-PCR) in Participants with Molecularly Confirmed, Moderate to Severe/Critical 


COVID-19 in a subject, in a one or two dose vaccine regimen. 


Embodiment 183 is the vaccine for use according to any one of the embodiments 178-182, 
wherein the subject is suspected to suffer from or is diagnosed with an infection by SARS- 
CoV2. 


Embodiment 184 is the vaccine for use according to any one of the embodiments 178-183, 


wherein the vaccine is formulated for intramuscular administration. 


Embodiment 185 is the vaccine for use according to any one of the embodiments 181-184, 
wherein the vaccine is for administration in a two dose vaccine regimen comprising a dose of 5 


x 1010 vp or 1 x 1011 vp per dose given about 8 weeks apart. 


Embodiment 186 is the vaccine for use according to any one of the embodiments 178-185, 
consisting of a single administration of a dose of 5 x 1010 vp or 1 x 1011 vp per dose ofthe 
vaccine to the subject. 


Embodiment 187 is the use of the nucleic acid according to any one of the embodiments 51, 53 
or 54, the protein according to embodiment 52 and/or the vector according to any one of 
embodiments 55-61, in the preparation of a medicament for vaccinating a subject against 
COVID-19. 


Embodiment 188 is the use of the nucleic acid according to any one of the embodiments 51, 53 
or 54, the protein according to embodiment 52 and/or the vector according to any one of 
embodiments 55-61, in the preparation of a medicament for reducing infection and/or replication 
of SARS-CovV-2 in a subject. 


Embodiment 189 is the use of the nucleic acid according to any one of the embodiments 51, 53 
or 54, the protein according to embodiment 52 and/or the vector according to any one of 
embodiments 55-61, in the preparation of a medicament for the prevention of molecularly 
confirmed, moderate to severe/critical COVID-19 in a subject, in a one or two dose vaccine 


regimen. 
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Embodiment 190 is the use of the nucleic acid according to any one of the embodiments 51, 53 
or 54, the protein according to embodiment 52 and/or the vector according to any one of 
embodiments 55-61, in the preparation of a medicament for the prevention of molecularly 
confirmed, moderate to severe/critical COVID-19 as compared to placebo, in SARS-Cov-2 


seronegative adult subjects, in a one or two dose vaccine regimen. 


Embodiment 191 is the use of the nucleic acid according to any one of the embodiments 51, 53 
or 54, the protein according to embodiment 52 and/or the vector according to any one of 
embodiments 55-61, in the preparation of a medicament for reducing SARS-Cov-2 Viral Load 
as Assessed by Quantitative Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) in 
Participants with Moleculariy Confirmed, Moderate to Severe/Critical COVID-19 in a subject, in 


a one or two dose vaccine regimen. 


Embodiment 192 is the use according to any one of the embodiments 187-191, wherein the 


subject is suspected to suffer from or is diagnosed with an infection by SARS-CoV2. 


Embodiment 193 is the use according to any one of the embodiments 187-192, wherein the 
vaccine is formulated for intramuscular administration. 


Embodiment 194 is the use according to any one of the embodiments 187-193, wherein the 
vaccine is for administration in a two dose vaccine regimen comprising a dose of 5 x 1010 vp 


or1 x 1011 vp per dose given about 8 weeks apart. 


Embodiment 195 is the use according to any one of the embodiments 187-194, for a single 


administration of a dose of 5 x 1010 vp or 1 x 1011 vp per dose of the vaccine to the subject. 


Embodiment 196 is the use of the nucleic acid molecule of any one of embodiments 77-83, the 
polypeptide of any one of embodiments 84-87, the vector of any one of embodimenis 88-95 or 
the antibody of any one of embodiments 96-101 or 103-104, in the preparation of a medicament 
for treating or reducing the risk of a coronavirus infection, such as a 2019-nCovV infection, in a 


subject in need thereof. 


Embodiment 197 is the use of the nucleic acid molecule of any one of embodiments 77-83, the 


polypeptide of any one of embodiments 84-87, the vector of any one of embodimenis 88-95 or 
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the antibody of any one of embodiments 99-101 or 103-104, in the preparation of a medicament 
for reducing a coronavirus-mediated activity (e.g., 2019-nCoV-mediated activity) in a subject 
infected with a 2019-nCovV. 


Embodiment 198 is the use of the nucleic acid molecule of any one of embodiments 162-164, 
the polypeptide of embodiment 165, the vector of embodiment 166 or the antibody of 
embodiments 167 or 168 in the preparation of a medicament for treating or reducing the risk of 


a coronavirus infection, such as a 2019-nCov infection, in a subject in need thereof. 


Embodiment 199 is the use of the nucleic acid molecule of any one of embodiments 162-164, 
the polypeptide of embodiment 165, the vector of embodiment 166 or the antibody of 
embodiments 167 or 168 in the preparation of a medicament for reducing a coronavirus- 
mediated activity (e.g., 2019-nCoV-mediated activity) in a subject infected with a 2019-nCov. 


Particular embodiments are within the embodiments. 


The invention is further explained in the following examples. The examples do not limit the 
invention in any way. They merely serve to clarify the invention. 


EXAMPLES 

The following examples are to illustrate the invention. They are not meant to limit the invention 
in any way. 

Example 1. Development of 2019-nCoV DNA vaccines 

Design of 2019-nCoV immunogens and 2019-nCovVv DNA vaccines 

Wuhan coronavirus (2019-nCovV) Spike protein (SEG ID NO: 29) was used to design nucleic 
acid molecules (SEQ ID NOs: 93-181, 190-195, and 199-204) for synthetic production. Some 
optimization of the nucleic acid molecules was performed for enhanced transgene expression. 
DNA vaccines can be generated by incorporating a nucleic acid molecule of SEQ ID NOs: 93- 
181, 190-195, and 199-204 into a mammalian expression vector (e.g., PcDNA3.1+; Invitrogen, 
CA, USA). Deletion mutants may lack the signal sequence, the cytoplasmic region, the 
transmembrane region, S2, or a combination thereof. 

Example 2. Administration of a nucleic acid vaccine to a human subject 

Compositions may be administered to human subjects, pre- or post-exposure to a 2019-nCovV, 
according to the methods. The human subject may be one identified as being at high risk for 


infection, such as an individual who has or will be traveling to a region where 2019-nCoV 


- 130 - 


10 


15 


20 


25 


30 


WO 2021/155323 PCT/US2021/015946 


infection is prevalent (e.g., Hubei province), or identified as presenting with symptoms 
consistent with a 2019-nCov infection. 

For example, a human with underlying health conditions (e.g., hypertension, diabetes, or 
cardiovascular disease) identified as having a risk of 2019-nCov infection may be administered 
a nucleic acid vaccine (e.g., a DNA vaccine or an RNA vaccine) containing a nucleic acid 
molecule encoding a 2019-nCov nucleic acid (e.g., any one of SEQ ID NOs: 93-181, 190-195, 
and 199-204)), e.g., in an adenoviral vector at a dose of between 10 ug and 10 mg. Preferably, 
the nucleic acid vaccine (e.g., a DNA vaccine or an RNA vaccine) can contains SEQ ID NOs: 
136, 193, 142, 148, 195, 121, 122, 123, 129, and/or 130. The patient can then be monitored for 
presentation of symptoms of 2019-nCovV infection, the resolution of symptoms, and/or the 
production of 2019-nCov antibodies. If necessary, a second dose or additional doses of the 
nucleic acid vaccine can be administered. 

Example 3. Administration of an immunogenic 2019-nCoV polypeptide to a human 
subject 

Compositions may be administered to human subjects, pre- or post-exposure to a 2019-nCovV, 
according to the methods. The human subject may be one identified as being at high risk for 
infection, such as an individual who has or will be traveling to a region where 2019-nCoV 
infection is prevalent (e.g., Hubei province), or identified as presenting with symptoms 
consistent with a 2019-nCovV infection. 

For example, a human with underlying health conditions (e.g., hypertension, diabetes, or 
cardiovascular disease) identified as having a risk of 2019-nCov infection may be administered 
a 2019-nCoV immunogen (e.g., any one of SEQ ID NOs: 1-84), e.g., in an adenoviral vector at a 
dose of between 10 ug and 10 mg. Preferably, the immunogen is a one or more polypeptides 
encoded by SEQ ID NOs: 44, 50, 56, 29, 30, 31, 37, or 38. The patient can then be monitored 
for presentation of symptoms of 2019-nCov infection, the resolution of symptoms, and/or the 
production of 2019-nCov antibodies. If necessary, a second dose or additional doses of the 
immunogen can be administered. 

Example 4. Administration of anti-2019-nCovV antibodies to a human subject at risk of 
2019-nCov infection 

A human subject identified as having a risk of 2019-nCovV infection (e.g., due to travel to a 
region where 2019-nCov infection is prevalent (e.g., Hubei province), or the subject being a 
human with underlying health conditions (e.g., hypertension, diabetes, or cardiovascular 
disease)) may be administered an anti-2019-nCov antibody that binds to an epitope within the 


Spike (SEQ ID NO: 29) polypeptide (e.g., the antibody may have been generated against the 
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polypeptides of any one of SEQ ID NOs: 1-84) at a dose of between 1-1,000 mg asa 
prophylactic therapy. The subject may be administered the anti-2019-nCovV antibody as a 
prophylactic therapy prior to or post-exposure to a 2019-nCoV. The patient can then be 
monitored for presentation of symptoms of 2019-nCov infection or the resolution of symptoms. 
If necessary, a second dose or additional doses of the anti-2019-nCov antibody can be 
administered. 

Example 5. Administration of anti-2019-nCovV antibodies to a human subject presenting 
symptoms of 2019-nCovV infection 

A human subject identified as presenting symptoms of 2019-nCoV may be administered an anti- 
2019-nCovV antibody that binds to an epitope within the Spike (SEQ ID NO: 29) polypeptide 
(e.g., the antibody may have been generated against the polypeptides of any one of SEQ ID 
NOs: 1-84) at a dose of between 1-1,000 mg. The subject (e.g., a human, in particular a human 
with underlying health conditions (e.g., hypertension, diabetes, or cardiovascular disease)) may 
have recently traveled to a region where 2019-nCov infection is prevalent (e.g., Hubei 
province). After diagnosis of 2019-nCov infection by a medical practitioner, the subject can be 
administered a dose of the anti-2019-nCovV antibody. The patient can then be monitored for 
resolution of symptoms. If necessary, a second dose or additional doses of the anti-2019-nCoV 
antibody can be administered. 

Example 6. Reactivity of immunogens encoded by 2019-nCoV DNA vaccines with 
polyclonal anti-SARS antiserum 

In order to assess the reactivity of the immunogens encoded by 2019-nCoV DNA vaccines with 
anti-SARS antibodies, cells were transfected with plasmids containing SS-Spike (SEQ ID NO: 
121), SS-SaCT (SEQ ID NO: 122), SS-S.Ecto (SEQ ID NO: 123), and SS-S.Ecto-dF-PP-foldon 
(SEQ ID NO: 195) encoding 2019-nCoV immunogens (SEQ ID NOs: 29, 30, 31, and 56, 
respectively). Cell lysates and supernatants were collected from transfected cells and run on a 
gel under reducing and denaturing conditions. The samples were subsequently analyzed by 
western blot using polyclonal anti-SARS antiserum (BEI Resources, NIAID, NIH; catalog 
number: NR-10361) isolated from guinea pigs. All DNA vaccines tested were able produce 
proteins that cross-react with anti-SARS antibodies present in the antiserum (FIG. 2). The 
Spike protein appears as a band with a size of approximately 200 kDa. 

Example 7. 2019-nCovV DNA vaccines are able to elicit a neutralizing anti-Spike antibody 
response 

DNA vaccines containing SS-Spike (SEQ ID NO: 121), SS-SadCT (SEQ ID NO: 122), SS-S.Ecto 
(SEQ ID NO: 123), SS-S1-foldon (SEQ ID NO: 129), SS-RBD-foldon (SEQ ID NO: 130), and 
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SS-S.Ecto-dF-PP-foldon (SEQ ID NO: 195) encoding 2019-nCoV immunogens (SEQ ID NOs: 
29, 30, 31, 37, 38, and 56, respectively) were tested for their ability to produce a neutralizing 
antibody response. Female Balb/c mice (8-12 weeks old) were intramusculariy (IM) injected 
with 50 ug of one of the DNA vaccines and a second dose was injected IM four weeks later. 
Serum samples from the treated mice were collected 4-weeks post-vaccination and analyzed by 
ELISA for binding to full-length Spike (SEQ ID NO: 1) (FIG. 3) and S.Ecto-PP (SEQ ID NO: 19) 
(FIG. 4). All of the DNA vaccines tested were able to elicit an antibody response that 
recognizes full-length Spike (SEQ ID NO: 1) and S.Ecto-PP (SEQ ID NO: 19) in the treated 
mice. The DNA vaccine encoding SS-S.Ecto-dF-PP-foldon produced a superior antibody 
response as compared to the other DNA vaccines tested. 

Serum from 4-week post-vaccination mice was further analyzed for neutralization activity. 
Neutralization activity was assessed using an in vitro luciferase-based pseudovirus 
neutralization assay. The neutralization assay used a retroviral core pseudotyped with the 
2019-nCovV Spike protein (SEQ ID NO: 1). Infectivity was tested in 293 cells that were 
transduced with human angiotensin converting enzyme 2 (ACE2), the receptor for 2019-nCovV, 
in order to support pseudovirus entry. Substantial neutralization capacity was observed in mice 
treated with the DNA vaccines SS-S.Ecto, SS-RBD-foldon, and SS-S.Ecto-dF-PP-foldon. Mice 
treated with the SS-S.Ecto-dF-PP-foldon DNA vaccine exhibited the most robust neutralizing 
capacity (FIG. 5). 

Example 8. 2019-nCovV DNA vaccines are able to elicit a protective immune response 
against coronavirus infection 

The rapidly expanding COVID-19 pandemic has made the development of a safe, effective, and 
deployable vaccine a critical global priority (7-8). However, the understanding of immune 
correlates of protection to 2019-nCov is currently very limited. Such knowledge is essential for 
the development of 2019-nCovV vaccines as well as other immunotherapeutic interventions. In 
this study, a set of prototype DNA vaccines were constructed that express various forms of the 
2019-nCovV Spike (S) protein and assessed their immunogenicity and protective efficacy against 
2019-nCovV challenge in rhesus macaques. 

Methods 

Animals and study design. 35 outbred Indian-origin adult male and female rhesus macaques 
(Macaca mulatta), 6-12 years old, were randomly allocated to groups. All animals were housed 
at Bioqual, Inc. (Rockville, MD). Animals received DNA vaccines expressing SS-Spike (N=4), 
SS-SdCT (N=4), SS-S.Ecto (N=4), S1 (N=4), SS-RBD-FOLDON (N=4), SS-S.Ecto-dF-PP- 


foldon (N=5), and sham controls (N=10). Animals received 5 mg DNA vaccines at week O and 
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week 3. At week 6, all animals were challenged with 1.2x108 VP (1.1x10%) PFU 2019-nCovV. 
Virus was administered as 1 ml by the intranasal (IN) route (0.5 ml in each nare) and 1 ml by the 
intratracheal (IT) route. All immunologic and virologic assays were performed blinded. All 
animal studies were conducted in compliance with all relevant local, state, and federal 
regulations and were approved by the Bioqual Institutional Animal Care and Use Committee 
(IACUC). 

Human samples. 27 de-identified human serum samples from 2019-nCovV convalescent 
individuals from Boston, MA were obtained from individuals at least 7 days after documented 
recovery with negative nasal swab. All human studies were conducted in compliance with all 
relevant local, state, and federal regulations and were approved by the Partners Institutional 
Review Board (IRB). 

DNA Vaccines. DNA vaccines were designed based on the 2019-nCovV spike (S) protein 
sequence (Wuhan/W!V04/2019). Sequences were codon optimized and commercially 
synthesized (Integrated DNA Technologies, NJ, USA). Six versions of Spike were produced 
(full length SS-Spike; deletion of cytoplasmic domain SS-SaCT; soluble ectodomain SS-S.Ecto; 
S1 domain with foldon trimerization tag SS-S1-foldon; receptor binding domain with foldon 
trimerization tag SS-RBD-foldon; soluble ectodomain with deletion of furin cleavage site, PP 
stabilizing mutations, and foldon trimerization tag SS-S.Ecto-dF-PP-foldon). Synthetic genes 
were cloned into the mammalian expression plasmid pcDNA3.1+ (Invitrogen, CA, USA) and 
expanded with endotoxin-free gigaprep kits (Machery-Nagel, Duren, Germany). All DNA 
vaccine sequences were confirmed by Sanger DNA sequencing. 

Western Blot. 1-25 flasks seeded with 293T cells at 70-80% confluency were transiently 
transfected with 2019-nCoV DNA expression plasmids (10ug DNA/construct) using 
Lipofectamine 2000 (Invitrogen) and supernatants and cell lysates harvested 48 hours post- 
transfection separately mixed with reducing sample buffer (Pierce), heated for 5 minutes at 
95*C and run on a precast 4-15% SDS-PAGE gel (Bio-Rad). Protein was transferred to a 
polyvinylidene difluoride (PVDF) membrane using an iBlot dry blotting system (Invitrogen), and 
membrane blocking performed overnight at 4*C in Dulbecco's phosphate-buffered saline T (D- 
PBST) containing 0.2% Tween 20 (Sigma) (V/V) and 5% (W/V) non-fat milk powder. Following 
overnight blocking, the PVDF membrane was incubated for 1 hour in 3% milk DPBS-T 
containing a 1:10,000 dilution of (cross-reactive) polyclonal guinea pig anti-SARS coronavirus 
anti-serum (BEI resources) for 1 hour. After this incubation, the PVDF membrane was washed 
five times with 5% milk DPBS-T and subsequently incubated with 1:30,000 anti-guinea pig 


horseradish peroxidase (HRP)-conjugated secondary antibody (Jackson Immunoresearch) in 
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3% milk DPBS-T. Finally, the PVDF membrane was washed again five times with 5% milk 
DPBS-T, and developed using an Amersham ECL Plus Western blotting detection system (GE 
Healthcare). 

Viral RNA assay. RT-PCR assays were utilized to monitor viral loads, essentially as previously 
described (76). Briefly, RNA was extracted using a QlAcube HT (Qiagen, Germany) and the 
Cador pathogen HT kit from bronchoalveolar lavage (BAL) supernatant and nasal swabs. RNA 
was reverse transcribed using superscript VILO (Invitrogen) and ran in duplicate using the 
QuantStudio 6 and 7 Flex Real-Time PCR System (Applied Biosystems) according to 
manufacturer's specifications. Viral loads were calculated of viral RNA copies per mL or per 
swab and the assay sensitivity was 50 copies. The target for amplification was the 2019-nCoV 
N (nucleocapsid) gene. The primers and probes for the targets were: 

2019-nCoV_N1-F :5-GACCCCAAAATCAGCGAAAT-3' (SEQ ID NO: 196) 

2019-nCoV_N1-R: 5-TCTGGTTACTGCCAGTTGAATCTG-3 (SEQ ID NO: 197) 
2019-nCoV_N1-P: 5-FAM-ACCCCGCATTACGTTTGGTGGACC-BHQ1-3 (SEQ ID NO: 198) 
Subgenomic mRNA assay. 2019-nCovV E gene subgenomic mRNA (sgmRNA) was assessed 
by RT-PCR using an approach similar to previously described (77). To generate a standard 
curve, the 2019-nCovV E gene sgmRNA was cloned into a pcDNA3.1 expression plasmid; this 
insert was transcribed using an AmpliCap-Max T7 High Yield Message Maker Kit (Cellscript) to 
obtain RNA for standards. Prior to RT-PCR, samples collected from challenged animals or 
standards were reverse-transcribed using Superscript III VILO (Invitrogen) according to the 
manufacturer's instructions. A Tagman custom gene expression assay (ThermoFisher 
Scientific) was designed using the sequences targeting the E gene sgmRNA (77). Reactions 
were carried out on a QuantStudio 6 and 7 Flex Real-Time PCR System (Applied Biosystems) 
according to the manufacturer's specifications. Standard curves were used to calculate 
S9gmRNA in copies per ml or per swab; the quantitative assay sensitivity was 50 copies per ml or 
per swab. 

PFU assay. For plaque assays, confluent monolayers of Vero E6 cells were prepared in 6-well 
plates. Indicated samples collected from challenged animals were serially diluted, added to 
wells, and incubated at 37*C for 1 hr. After incubation, 1.5 mL of 0.5% methylcellulose media 
was added to each well and the plates were incubated at 37*C with 5% CO2 for 2 days. Plates 
were fixed by adding 400 uL ice cold methanol per well and incubating at -20*C for 30 minutes. 
After fixation, the methanol was discarded, and cell monolayers were stained with 600 uL per 
well of 0.23% crystal violet for 30 minutes. After staining, the crystal violet was discarded, and 


the plates were washed once with 600 UL water to visualize and count plaques. 
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ELISA. Briefly, 96-well plates were coated with 1ug/mL 2019-nCovV Spike (S) protein (Sino 
Biological) in 1X DPBS and incubated at 4*C overnight. After incubation, plates were washed 
once with wash buffer (0.05% Tween20 in 1 X DPBS) and blocked with 350 uL Casein 
block/well for 2-3 hours at room temperature. After incubation, block solution was discarded 
and plates were blotted dry. Serial dilutions of heat-inactivated serum diluted in Casein block 
were added to wells and plates were incubated for 1 hr at room temperature, prior to three 
further washes and subsequent Îhr incubation with a 1:1000 dilution of anti-macaque IgG HRP 
(NIH NHP Reagent Program) in the dark at room temperature. Plates were then washed three 
times with wash buffer, and 100 uL of SERACAREE KPL TMB SureBlue Start solution was 
added to each well; plate development was halted by the addition of 100 uL SERACAREO KPL 
TMB Stop solution per well. The absorbance at 450nm was recorded using a VERSAMAX'Y or 
OMEGAGQ microplate reader. ELISA endpoint titers were defined as the highest reciprocal 
serum dilution that yielded an absorbance > 0.2. Log10 endpoint titers are reported. 
Pseudovirus neutralization assay. The 2019-nCovV pseudoviruses expressing a luciferase 
reporter gene were generated in an approach similar to as described previously (9). Briefly, the 
packaging construct psPAX2 (AIDS Resource and Reagent Program), luciferase reporter 
plasmid pLenti-CMV Puro-Luc (Addgene), and Spike protein expressing pcDNA3.1-SARS Cov- 
2 SACT were co-transfected into HEK293T cells with calcium phosphate. The supernatants 
containing the pseudotype viruses were collected 48 hours post-transfection; pseudotype 
viruses were purified by filtration with 0.45 um filter. To determine the neutralization activity of 
the antisera from vaccinated animals, HEK293T-hACEZ2 cells were seeded in 96-well tissue 
culture plates at a density of 1.75 x 104 cells/well overnight. Two-fold serial dilutions of heat 
inactivated serum samples were prepared and mixed with 50 uL of pseudovirus. The mixture 
was incubated at 37*C for 1 hour before adding to HEK293T-hACE2 cells. Forty-eight hours 
after infection, cells were Iysed in STEADY-GLOQ Luciferase Assay (Promega) according to the 
manufacturer's instructions. 2019-nCovV neutralization titers were defined as the sample dilution 
at which a 50% reduction in RLU was observed relative to the average of the virus control wells. 
Live virus neutralization assay. A full-length 2019-nCov virus based on the Seattle 
Washington isolate was designed to express luciferase and GFP and was recovered via reverse 
genetics and described previously (73, 14). The virus was titered in Vero E6 USAMRID cells to 
obtain a relative light units (RLU) signal of at least 10X the cell only control background. Vero 
E6 USAMRID cells were plated at 20,000 cells per well the day prior in clear bottom black 
walled 96-well plates. Neutralizing antibody serum samples were tested at a starting dilution of 


1:40 and were serially diluted 4-fold up to eight dilution spots. Antibody-virus complexes were 
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incubated at 37*C with 5% CO2 for 1 hour. Following incubation, growth media was removed 
and virus-antibody dilution complexes were added to the cells in duplicate. Virus-only controls 
and cell-only controls were included in each neutralization assay plate. Following infection, 
plates were incubated at 37*C with 5% CO2 for 48 hours. After the 48 h incubation, cells were 
lysed and luciferase activity was measured via Nano-Glo Luciferase Assay System (Promega) 
according to the manufacturer specifications. 2019-nCov neutralization titers were defined as 
the sample dilution at which a 50% reduction in RLU was observed relative to the average of the 
virus control wells. 

Systems serology. For the functional analysis of serum samples, bead-based assays were 
used to quantify antibody-dependent cellular phagocytosis (ADCP), antibody-dependent 
neutrophil phagocytosis (ADNP) and antibody-dependent complement deposition (ADCD), as 
previously described (75). Protein antigens included receptor binding domain (RBD; courtesy 
Aaron Schmidt, Ragon Institute and MassCPR), prefusion stabilized Spike ectodomain (S; 
courtesy Bing Chen, Children's Hospital and MassCPR), and nucleocapsid (N; Sino Biological). 
Fluorescent streptavidin beads (Thermo Fisher) were coupled to biotinylated RBD, N and S and 
incubated with diluted serum (ADCP and ADNP 1:100, ADCD 1:10). For ADCP, THPs were 
added to the immune complexes and incubated for 16h at 37*C. For ADNP, primary neutrophils 
were isolated using ammonium-chlor-ide potassium (ACK) Iysis buffer from whole blood. After 
1h incubation at 37*C, neutrophils were stained with an anti-CD66b PacBlue detection antibody 
(Biolegend). For the ADCD assay, lyophilized guinea pig complement (Cedarlane) was 
resuspended according to manufacturer's instructions and diluted in gelatin veronal buffer with 
calcium and magnesium (Boston BioProducts). Post incubation, C3 was detected with 
Fluorescein-Conjugated Goat IgG Fraction to Guinea Pig Complement C3 (Mpbio). For 
detection of antibody-dependent NK cell activity, an ELISA-based approach was used. Briefly, 
plates were coated with 3 ug/mL of antigen (as mentioned above) and samples were added at a 
1:50 dilution and incubated for 2h at 37*C. NK cells were isolated the day prior via RosetteSep 
(Stem Cell Technologies) from healthy buffy coats and rested overnight in 1 ng/mL IL-15 
(Stemcell). NK cells were incubated with immune complexes for 5h at 37*C with a staining 
cocktail containing CD107a PE-Cy5 (BD), Golgi stop (BD) and Brefeldin A (BFA, Sigma 
Aldrich). Post NK cell incubation, cells were fixed (Perm A, Life Tech) and stained for surface 
markers with anti-CD16 APC-Cy7 (BD), anti-CD56 PE-Cy7 (BD) and anti-CD3 PacBlue (BD) 
while fixing. Post permeabilization with Perm B (Life Tech), anti-IFN-gamma FITC (BD) and 
anti-MIP-18 PE (BD) antibodies were used for intracellular staining. All assays were acquired 


via flow cytometry with an iQue (Intellicyt) and an S-Lab robot (PAA). For ADCP, events were 
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gated on bead-positive cells, whereas neutrophils were defined as CD66b positive followed by 
gating on bead-positive neutrophils. A phagocytosis score was calculated for ADCP and ADNP 
as (percentage of bead-positive cells) x (MFI of bead-positive cells) divided by 10000. ADCD 
was reported as MFI of C3 deposition. NK cells were defined as CD3-, CD16+ and CD56+. 
Data were reported as percentage of cells positive for CD107a, MIP-1-alpha or IFN-gamma. 
Both Pearson and Spearman correlations were used to explore linear and non-linear 
relationships between antibody features and logo peak s9mRNA copies/mL in BAL, 
respectively. A Benjamini-Hochberg correction was used to correct for multiple comparisons. In 
addition, Pearson correlations were used to test all pairwise correlations of antibody features. 
To define the optimal features that correlate with protection, a partial least square regression 
(PLSR) and random forest regression (RFR) were performed using recursive feature 
elimination. First, all isotypes/subclasses and Fc-receptor binding data were logo transformed. 
A PCA was constructed using the R package “ropls” to compare multivariate profiles. The 
PLSR was performed using the R package 'ropls' was used, and the random forest was 
performed using the R package 'randomForest. Each model (i.e. each set of features) was 
fitted for 10 repetitions of 5-fold cross-validation. In each step of the feature elimination, for 
PLSR the feature which had the lowest mean (across folds) variable importance of projection 
(VIP) score and for RFR the feature with the lowest mean (across folds) importance measured 
as node impurity was removed. All possible combinations of two features were tested. 
ELISPOT assay. ELISPOT plates were coated with mouse anti-human IFN-y monoclonal 
antibody from BD Pharmingen at a concentration of 5 ug/well overnight at 4*C. Plates were 
washed with DPBS containing 0.25% Tween20, and blocked with R10 media (RPMI with 11% 
FBS and 1.1% penicillin-streptomycin) for 1 h at 37*C. Spike 1 and Spike 2 peptide pools were 
prepared at a concentration of 2 ug/well, and 200,000 cells/well were added. The peptides and 
cells were incubated for 18-24 h at 37*C. All steps following this incubation were performed at 
room temperature. The plates were washed with coulter buffer and incubated for 2 h with 
Rabbit polyclonal anti-human IFN-y Biotin from U-Cytech (1 ug/mL). The plates are washed a 
second time and incubated for 2 h with Streptavidin-alkaline phosphatase antibody from 
Southern Biotechnology (1 ug/mL). The final wash was followed by the addition of Nitor-blue 
Tetrazolium Chloride/5-bromo-4-chloro 3 “indolyl phosphate p-toludine salt (NBT/BCIP 
chromagen) substrate solution for 7 minutes. The chromagen was discarded and the plates 
were washed with water and dried in a dim place for 24 hours. Plates were scanned and 


counted on a Cellular Technologies Limited Immunospot Analyzer. 
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Intracellular cytokine staining assay. 10% PBMCs/well were re-suspended in 100 uL of R10 
media supplemented with CD49d monoclonal antibody (1 ug/mL). Each sample was assessed 
with mock (100uL of R10 plus 0.5% DMSO; background control), Spike 1 and Spike 2 peptide 
pools (2 ug/mL), or 10 pg/mL phorbol myristate acetate (PMA) and 1 ug/mL ionomycin (Sigma- 
Aldrich) (100uL; positive control) and incubated at 37*C for 1 h. After incubation, 0.25 uL of 
GolgiStop and 0.25 uL of GolgiPlug in 50 uL of R10 was added to each well and incubated at 
37*C for 8 h and then held at 4*C overnight. The next day, the cells were washed twice with 
DPBS, stained with Near IR live/dead dye for 10 mins and then stained with predetermined 
titers of mAbs against CD279 (clone EH12.1, BB700), CD38 (clone OKT10, PE), CD28 (clone 
28.2, PE CY5), CD4 (clone L200, BV510), CD45 (clone D058-1283, BUV615), CD95 (clone 
DX2, BUV737), CD8 (clone SK1, BUV805), for 30 min. Cells were then washed twice with 2% 
FBS/DPBS buffer and incubated for 15 min with 200uL of BD CytoFix/CytoPerm 
Fixation/Permeabilization solution. Cells were washed twice with 1X Perm Wash buffer (BD 
Perm/WashTM Buffer 10X in the CytoFix/CytoPerm Fixation/ Permeabilization kit diluted with 
MIIliQ water and passed through 0.22um filter) and stained with intracellulariy with mAbs against 
Ki67 (clone B56, FITC), CD69 (clone TP1.55.3, ECD), IL10 (clone JES3-9D7, PE CY7), IL13 
(clone JES10-5A2, BV421), TNF-a (clone Mab11, BV650), IL4 (clone MP4-25D2, BV711), IFN-y 
(clone B27; BUV395), , IL2 (clone MQ1-17H12, APC), CD3 (clone SP34.2, Alexa 700), for 30 
min. Cells were washed twice with 1X Perm Wash buffer and fixed with 250uL of freshly 
prepared 1.5% formaldehyde. Fixed cells were transferred to 96-well round bottom plate and 
analyzed by BD FACSymphonyTM system. 

Statistical analyses. Analysis of virologic and immunologic data was performed using 
GraphPad Prism 8.4.2 (GraphPad Software). Comparison of data between groups was 
performed using two-sided Mann-Whitney tests. Correlations were assessed by two-sided 
Spearman rank-correlation tests. P-values of less than 0.05 were considered significant. 
Results 

Construction and Immunogenicity of DNA Vaccines 

DNA vaccines expressing six variants of the 2019-nCov S protein were produced: full-length 
(SS-Spike), deletion of the cytoplasmic tail (SS-SaCT) (9), deletion of the transmembrane 
domain and cytoplasmic tail reflecting the soluble ectodomain (SS-S.Ecto) (9), S1 domain with a 
foldon trimerization tag (SS-S1-foldon), receptor-binding domain with a foldon trimerization tag 
(SS-RBD-foldon), and a prefusion stabilized soluble ectodomain with deletion of the furin 
cleavage site, two proline mutations, and a foldon trimerization tag (SS-S.Ecto-dF-PP-foldon) 


(70-12) (FIG. 1). Western blot analyses confirmed expression in cell lysates for the S, SS- 
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SadCT, SS-S.Ecto, and SS-S.Ecto-dF-PP-foldon constructs and in culture supernatants for the 
soluble SS-S.Ecto and SS-S.Ecto-dF-PP-foldon constructs (FIG. 6). Proteolytic cleavage of the 
secreted protein was noted for SS-S.Ecto but not SS-S.Ecto-dF-PP-foldon, presumably due to 
mutation of the furin cleavage site in SS-S.Ecto-dF-PP-foldon. 

35 adult rhesus macaques, 6-12 years old, were immunized with DNA vaccines in the following 
groups: SS-Spike (N=4), SS-SaCT (N=4), SS-S.Ecto (N=4), S1 (N=4), SS-RBD-FOLDON 
(N=4), SS-S.Ecto-dF-PP-foldon (N=5), and sham controls (N=10). Animals received 5 mg DNA 
vaccines at week O and week 3. After the boost immunization at week 5, S-specific binding 
antibodies were observed by ELISA (FIG. 6A) and neutralizing antibodies (NAbs) using both a 
pseudovirus neutralization assay (9) (FIG. 6B) and a live virus neutralization assay (73, 14) 
(FIG. 6C). Two animals had binding antibodies at baseline by ELISA, which might reflect cross- 
reactivity of other natural primate coronaviruses. NAb titers measured by the pseudovirus 
neutralization assay correlated with NAb titers measured by the live virus neutralization assay 
(P<0.0001, R=0.8052, two-sided Spearman rank-correlation test; FIG. 10). Moreover, NAb 
titers in the vaccinated macaques (median titer 74; median titer in the S and SS-SaCT groups 
170) were comparable in magnitude to NAb titers in a cohort of 9 convalescent macaques 
(median titer 106) and a cohort of 27 convalescent humans (median titer 93) who had recovered 
from 2019-nCovV infection (FIG. 6D). 

S-specific and RBD-specific antibodies in the vaccinated macaques included diverse 
subclasses and effector functions, including antibody-dependent neutrophil phagocytosis 
(ADNP), antibody-dependent complement deposition (ADCD), antibody-dependent monocyte 


cellular phagocytosis (ADCP), and antibody-dependent NK cell activation (IFN-[ secretion, 
CD107a degranulation, and MIP-1p expression) (75) (FIG. 6E). A trend towards higher ADCD 
responses was observed in the S and SS-SaCT groups, whereas higher NK cell activation was 
observed in the SS-RBD-FOLDON and SS-S.Ecto-dF-PP-foldon groups. A principal component 
analysis of the functional and biophysical antibody features showed overlap of the different 
vaccine groups, with more distinct profiles in the S and RBD groups (FIG. 6E). 

Cellular immune responses to pooled S peptides were also observed in the majority of 
vaccinated animals by IFN-y ELISPOT assays at week 5 (FIG. 7A). Intracellular cytokine 
staining assays demonstrated induction of S-specific CD4+ and CD8+ T cell responses, with 
lower responses induced by the shorter SS-S1-foldon and SS-RBD-Foldon immunogens (FIG. 
7B). 

Protective Efficacy Against 2019-nCovV Challenge 
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At week 6, which was 3 weeks after the boost immunization, all animals were challenged with 
1.2x108 VP (1.1x104 PFU) 2019-nCoV, administered as 1 ml by the intranasal (IN) route and 1 
ml by the intratracheal (IT) route. Following challenge, viral RNA levels were assessed by RT- 
PCR (76) in bronchoalveolar lavage (BAL) and nasal swabs (NS). Viral RNA was negative in 
plasma, and animals exhibited only mild clinical symptoms. High levels of viral RNA were 
observed in the sham controls with a median peak of 6.46 (range 4.81-7.99) logo RNA 
copies/mL in BAL and a median peak of 6.82 (range 5.96-7.96) Iog10 RNA copies/swab in NS 
(FIG. 11). Lower levels of viral RNA were observed in the vaccine groups (FIG. 12, FIG. 13), 
including 1.92 and 2.16 logo reductions of median peak viral RNA in BAL and NS, respectively, 
in SS-Spike vaccinated animals compared with sham controls (P=0.02 and P=0.04, two-sided 
Mann-Whitney tests) (FIG. 14). Viral RNA assays were confirmed by PFU assays. 

A substantial fraction of viral RNA in BAL and NS following challenge were believed to represent 
input challenge virus, and thus levels of subgenomic mRNA (sgmRNA) were also assessed, 
which is believed to reflect viral replication cellular intermediates that are not packaged into 
virions and thus putative replicating virus in cells (77). High levels of sgmRNA were observed in 
the sham controls with a median peak of 5.35 (range 3.97-6.95) log10 S9mRNA copies/mL in 
BAL and a median peak of 6.40 (range 4.91-7.01) logo sgmRNA copies/swab in NS (FIG. 8A). 
Markedly lower levels of sgmRNA were observed in the vaccine groups (FIG. 8B, 8C), including 
>3.1 and >3.7 logo decreases of median peak sgmRNA in BAL and NS, respectively, in SS- 
Spike vaccinated animals compared with sham controls (P=0.03 and P=0.01, two-sided Mann- 
Whitney tests) (FIG. 8D). Reduced levels of sgmRNA were also observed in other vaccine 
groups, including SS-SadCT, SS-S1-foldon, SS-RBD-Foldon, and SS-S.Ecto-dF-PP-foldon, 
although lower protection was seen in the SS-S.Ecto group, confirming the importance of 
prefusion ectodomain stabilization, as reported previously (12). A total of 8 of 25 vaccinated 
animals exhibited no detectable sgmRNA in BAL and NS at any timepoint following challenge. 
Immune Correlates of Protection 

The variability in protective efficacy in this study facilitated an analysis of immune correlates of 
protection. The logo pseudovirus NAb titer at week 5 inversely correlated with peak logo 
S9gmRNA in both BAL (P<0.0001, R=-0.6877, two-sided Spearman rank-correlation test) and NS 
(P=0.0199, R=-0.4162) (FIG. 9A). Similarly, the logo live virus NAb titer at week 5 inversely 
correlated with peak logo sSagmRNA levels in both BAL (P<0.0001, R=-0.7702) and NS 
(P=0.1006, R=-0.3360) (FIG. 9B). These data suggest that vaccine-elicited serum NAb titers 
may be robust immune correlates of protection against 2019-nCov challenge. Correlations 


were speculated to be more robust with viral loads in BAL compared with viral loads in NS due 
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to intrinsic variability of collecting swabs. The logo ELISA titer at week 5 also inversely 
correlated with peak logo s9gmRNA levels in BAL (P=0.0041, R=-0.4733) (FIG. 15). Vaccine- 
elicited ELISPOT responses (FIG. 16), CD4+ ICS responses (FIG. 17), and CD8+ ICS 
responses (FIG. 18) did not correlate with protection. 

The potential contribution of other antibody effector functions to immune correlates of protection 
were explored next. In addition to NAb titers, S- and RBD-specific ADCD responses inversely 
correlated with peak log sSagmRNA levels in BAL (FIG. 9C, top panel). Two orthogonal 
unbiased machine learning approaches were then utilized to define minimal combined 
correlates of protection. A nonlinear random forest analysis and a linear partial least squares 


regression analysis showed that utilizing two features improved the correlations with protection, 


such as RBD-specific FcLIR2a-1 binding with ADCD responses, or NAb titers with RBD-specific 


IgG2 responses (FIG. 9C, bottom left panel). Moreover, NAb titers correlated with most 
antibody effector functions, except for antibody-mediated NK cell activation (FIG. 9C, bottom 
right panel). Taken together, these data suggest a primary role of NAbs in protecting against 
2019-nCovV, supported by innate immune effector functions such as ADCD. 

Anamnestic Immune Responses Following Challenge 

All animals exhibited anamnestic humoral and cellular immune responses following challenge, 
including increased ELISA titers (FIG. 19), pseudovirus NAb titers (FIG. 20), live virus NAb titers 
(FIG. 21), and IFN-y ELISPOT responses (FIG. 22) on day 14 after challenge. These data 
suggest that vaccine protection was not sterilizing, including in the 8 of 25 animals that had no 
detectable sgmRNA in BAL and NS at any timepoint following challenge, but rather was likely 
mediated by rapid virologic control following challenge. 

Discussion 

A safe and effective 2019-nCov vaccine may be required to end the global COVID-19 
pandemic. Several vaccine candidates have initiated clinical testing, and many others are in 
preclinical development. However, very little is currently known about immune correlates of 
protection and protective efficacy of candidate 2019-nCov vaccines in animal models. In this 
study, a series of prototype DNA vaccines expressing various S immunogens was generated 
and protective efficacy against intranasal and intratracheal 2019-nCov challenge in rhesus 
macaques was assessed. We demonstrate robust vaccine protection with substantial >3.1 and 
>3.7 lOg1o reductions in median viral loads in BAL and NS, respectively, in S immunized animals 
compared with sham controls. Protection was not sterilizing but instead was likely mediated by 


rapid immunologic control following challenge. 
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Our data extend previous studies on SARS and MERS vaccine protection in mice, ferrets, and 
macaques (9, 18-21). Phase 1 clinical studies for SARS and MERS vaccine candidates have 
also been conducted (22), but these vaccines have not been tested for efficacy in humans. Our 
data suggest that protection against 2019-nCovV in macaqgues is feasible. A dramatic reduction 
of viral replication was observed in the upper and lower respiratory tract. Optimal protection 
was achieved with the full-length S immunogen, and reduced protection was observed with 
soluble constructs and smaller fragments. However, smaller immunogens may be useful in 
certain settings (e.g., different patient populations). 

Further research will need to address the important questions of the durability of protective 
immunity and the optimal vaccine platforms for a 2019-nCov vaccine for humans. Although the 
data is restricted to DNA vaccines, the findings can be generalizable to other gene-based 
vaccines as well, including RNA vaccines and recombinant vector-based vaccines. Further 
studies will also need to address the question of enhanced respiratory disease, which may 
result from antibody-dependent enhancement (23, 24). Enhanced clinical disease was not 
observed with the suboptimal vaccine constructs that failed to protect. 

Serum NAb titers, as measured by two independent assays (pseudovirus neutralization and live 
virus neutralization), were identified as a robust correlate of protection in this study. If this 
correlate proves generalizable across multiple vaccine studies in both NHPs and humans, then 
this would be a useful benchmark for clinical development of 2019-nCovV vaccines. Innate 
immune effector functions such as ADCD may also contribute to protective efficacy. 

In summary, vaccine protection against 2019-nCov challenge in rhesus macaques has been 
demonstrated with a series of prototype DNA vaccines, and serum NAb titers have been 
identified as a correlate of protection in this model. This correlate should be further interrogated 
in multiple settings, but if confirmed, it may prove useful as a benchmark for testing 2019-nCoV 
vaccines in humans. 
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Example 9. 2019-nCovV natural immune response against coronavirus infection 

The explosive spread of the COVID-19 pandemic has made the development of 
countermeasures an urgent global priority (7-8). However, the understanding of the 
immunopathogenesis of 2019-nCov is currently very limited. In particular, it is currently not 
known whether 2019-nCovV infection induces natural immunity that protects against re-exposure 
in humans. Such information is critical for vaccine strategies, epidemiologic modeling, and 
public health approaches. To explore this question, a rhesus macaque model of 2019-nCoV 
infection was developed, and virologic, immunologic, and pathologic features of infection were 
assessed, as well as protective immunity against re-challenge. 

Methods 

Animals and study design. 13 outbred Indian-origin adult male and female rhesus macaques 
(Macaca mulatta), 6-12 years old, were randomly allocated to groups. All animals were housed 
at Bioqual, Inc. (Rockville, MD). In the first study, 9 animals were inoculated with 2019-nCov at 
a total dose of: 1.1x106 plaque forming units (PFU) (Group 1; N=3), 1.1x105 PFU (Group 2; 
N=3), or 1.1x10* PFU (Group 3; N=3). These doses were administered as 1 ml by the 
intranasal (IN) route (0.5 ml in each nare) and 1 ml by the intratracheal (IT) route. On day 35 
following challenge, animals were re-challenged with 2019-nCovV at matched doses to those 
utilized in the initial challenge. Semi-quantitative clinical scoring involved blinded assessments 
by veterinary staff on clinical appearance, dyspnea, recumbency, and responsiveness (10 
points per category for a range of 0-40; mild disease <12; moderate disease 13-20; severe 
disease >20). In the second study, 4 rhesus macaques were inoculated with a total dose of 
1.1x105 PFU 2019-nCoV, again administered by the IN and IT routes. Macaques were 


necropsied on either day 2 (N=2) or day 4 (N=2) post-challenge. All immunologic and virologic 
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assays were performed blinded. All animal studies were conducted in compliance with all 
relevant local, state, and federal regulations and were approved by the Bioqual Institutional 
Animal Care and Use Committee (IACUC). 

2019-nCovV stock. The 2019-nCoV USA-WA1/2020 stock was expanded from the BEI 
Resource (NR-52281; Lot %470033175; courtesy Natalie Thornburg, Centers for Disease Control 
and Prevention) in Vero E6 cells, and harvested the virus challenge stock on day 5 following 
infection at 90% cytopathic effect (CPE). Full genome sequencing revealed 100% identity with 
the parent virus sequence (GenBank MN985325.1; courtesy David O'Connor, Shelby O'Connor, 
University of Wisconsin). 

Viral RNA assay. Viral RNA was quantified using an RT-PCR assay targeting the 2019-nCoV 
nucleocapsid. Briefly, RNA was isolated from samples collected from macaques (e.g., 
bronchoalveolar lavage (BAL) supernatant) either pre-challenge or at indicated timepoints post- 
challenge using a Qiagen MinElute virus spin kit or with RNA-STAT 60 (Tel-test B) and 
resuspended in RNAse-free water. Isolated RNA was plated in duplicate and amplified in an 
Applied Biosystems 7500 Sequence detector using the following program: i) 48*C for 30 
minutes, ii) 95*C for 10 minutes, and iii) 40 cycles of 95*C for 15 seconds and 1 minute at 55*C. 
The assay exhibited a practical range of 5x10" - 5x108 RNA copies per ml for fluids or per gram 
for tissues. The forward (F) and reverse (R) primer sequences and the probe sequence (P) 
were: 

2019-nCoV_N1-F :5-GACCCCAAAATCAGCGAAAT-3' (SEQ ID NO: 196) 

2019-nCoV_N1-R: 5-TCTGGTTACTGCCAGTTGAATCTG-3 (SEQ ID NO: 197) 
2019-nCoV_N1-P: 5-FAM-ACCCCGCATTACGTTTGGTGGACC-BHQ1-3 (SEQ ID NO: 198) 
Subgenomic mRNA assay. 2019-nCovV E gene subgenomic mRNA (sgmRNA) was assessed 
by RT-PCR using an approach similar to previously described (9). To generate a standard 
curve, the 2019-nCovV E gene sgmRNA was cloned into a pcDNA3.1 expression plasmid; this 
insert was transcribed using an AmpliCap-Max T7 High Yield Message Maker Kit (Cellscript) to 
obtain RNA for standards. Prior to RT-PCR, samples collected from challenged animals or 
standards were reverse-transcribed using Superscript III VILO (Invitrogen) according to the 
manufacturer's instructions. A Tagman custom gene expression assay (ThermoFisher 
Scientific) was designed using the sequences targeting the E gene sgmRNA (9). Reactions 
were carried out on a QuantStudio 6 and 7 Flex Real-Time PCR System (Applied Biosystems) 
according to the manufacturer's specifications. Standard curves were used to calculate 
SgmRNA in copies per ml or per swab; the quantitative assay sensitivity was 50 copies per ml or 


per swab. 
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PFU assay. For plaque assays, confluent monolayers of Vero E6 cells were prepared in 6-well 
plates. Indicated samples collected from challenged animals were serially diluted, added to 
wells, and incubated at 370C for 1 hr. After incubation, 1.5 mL of 0.5% methylcellulose media 
was added to each well and the plates were incubated at 37*C with 5% CO» for 2 days. Plates 
were fixed by adding 400 uL ice cold methanol per well and incubating at -20*C for 30 minutes. 
After fixation, the methanol was discarded, and cell monolayers were stained with 600 uL per 
well of 0.23% crystal violet for 30 minutes. After staining, the crystal violet was discarded, and 
the plates were washed once with 600 uL water to visualize and count plaques. 

ELISA. Briefly, 96-well plates were coated with 1ug/mL 2019-nCovV Spike (S) protein (Sino 
Biological) in 1X DPBS and incubated at 4*C overnight. After incubation, plates were washed 
once with wash buffer (0.05% Tween20 in 1 X DPBS) and blocked with 350 uL Casein 
block/well for 2-3 hours at room temperature. After incubation, block solution was discarded 
and plates were blotted dry. Serial dilutions of heat-inactivated serum diluted in Casein block 
were added to wells and plates were incubated for 1 hr at room temperature, prior to three 
further washes and subsequent Îhr incubation with a 1:1000 dilution of anti-macaqgue IgG HRP 
(NIH NHP Reagent Program) in the dark at room temperature. Plates were then washed three 
times with wash buffer, and 100 uL of SERACAREGQ KPL TMB SureBlue Start solution was 
added to each well; plate development was halted by the addition of 100 uL SERACAREQ KPL 
TMB Stop solution per well. The absorbance at 450nm was recorded using a VERSAMAX'Y or 
OMEGA microplate reader. ELISA endpoint titers were defined as the highest reciprocal 
serum dilution that yielded an absorbance > 0.2. Log10 endpoint titers are reported. 
Pseudovirus neutralization assay. The 2019-nCovV pseudoviruses expressing a luciferase 
reporter gene were generated in an approach similar to as described previously (70). Briefly, 
the packaging construct psPAX2 (AIDS Resource and Reagent Program), luciferase reporter 
plasmid pLenti-CMV Puro-Luc (Addgene), and Spike protein expressing pcDNA3.1-SARS Cov- 
2 SACT were co-transfected into HEK293T cells with calcium phosphate. The supernatants 
containing the pseudotype viruses were collected 48 hours post-transfection; pseudotype 
viruses were purified by filtration with 0.45 um filter. To determine the neutralization activity of 
the antisera from vaccinated animals, HEK293T-hACEZ2 cells were seeded in 96-well tissue 
culture plates at a density of 1.75 x 10* cells/well overnight. Two-fold serial dilutions of heat 
inactivated serum samples were prepared and mixed with 50 uL of pseudovirus. The mixture 
was incubated at 37*C for 1 hour before adding to HEK293T-hACE2 cells. Forty-eight hours 
after infection, cells were Iysed in STEADY-GLOQ Luciferase Assay (Promega) according to the 
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manufacturer's instructions. 2019-nCovV neutralization titers were defined as the sample dilution 
at which a 50% reduction in RLU was observed relative to the average of the virus control wells. 
Live virus neutralization assay. A full-length 2019-nCov virus based on the Seattle 
Washington isolate was designed to express luciferase and GFP and was recovered via reverse 
genetics and described previously (77, 12). The virus was titered in Vero E6 USAMRID cells to 
obtain a relative light units (RLU) signal of at least 10X the cell only control background. Vero 
E6 USAMRID cells were plated at 20,000 cells per well the day prior in clear bottom black 
walled 96-well plates. Neutralizing antibody serum samples were tested at a starting dilution of 
1:40 and were serially diluted 4-fold up to eight dilution spots. Antibody-virus complexes were 
incubated at 37*C with 5% CO2 for 1 hour. Following incubation, growth media was removed 
and virus-antibody dilution complexes were added to the cells in duplicate. Virus-only controls 
and cell-only controls were included in each neutralization assay plate. Following infection, 
plates were incubated at 37*C with 5% CO» for 48 hours. After the 48 h incubation, cells were 
lysed and luciferase activity was measured via Nano-Glo Luciferase Assay System (Promega) 
according to the manufacturer specifications. 2019-nCov neutralization titers were defined as 
the sample dilution at which a 50% reduction in RLU was observed relative to the average of the 
virus control wells. 

Systems serology. For the functional analysis of plasma samples, bead-based assays were 
used to quantify antibody-dependent cellular phagocytosis (ADCP), antibody-dependent 
neutrophil phagocytosis (ADNP) and antibody-dependent complement deposition (ADCD), as 
previously described (73). Protein antigens included receptor binding domain (RBD; courtesy 
Aaron Schmidt, Ragon Institute and MassCPR), prefusion stabilized Spike ectodomain (S; 
courtesy Bing Chen, Children's Hospital and MassCPR), and nucleocapsid (N; Sino Biological). 
Fluorescent streptavidin beads (Thermo Fisher) were coupled to biotinylated RBD, N and S and 
incubated with diluted plasma (ADCP and ADNP 1:100, ADCD 1:10). For ADCP, THPs were 
added to the immune complexes and incubated for 16h at 37*C. For ADNP, primary neutrophils 
were isolated using ammonium-chlor-ide potassium (ACK) Iysis buffer from whole blood. After 
1h incubation at 37*C, neutrophils were stained with an anti-CD66b PacBlue detection antibody 
(Biolegend). For the ADCD assay, lyophilized guinea pig complement (Cedarlane) was 
resuspended according to manufacturer's instructions and diluted in gelatin veronal buffer with 
calcium and magnesium (Boston BioProducts). Post incubation, C3 was detected with 
Fluorescein-Conjugated Goat IgG Fraction to Guinea Pig Complement C3 (Mpbio). For 
detection of antibody-dependent NK cell activity, an ELISA-based approach was used. Briefly, 


plates were coated with 3 ug/mL of antigen (as mentioned above) and samples were added at a 
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1:50 dilution and incubated for 2h at 37*C. NK cells were isolated the day prior via RosetteSep 
(Stem Cell Technologies) from healthy buffy coats and rested overnight in 1 ng/mL IL-15 
(Stemcell). NK cells were incubated with immune complexes for 5h at 37*C with a staining 
cocktail containing CD107a PE-Cy5 (BD), Golgi stop (BD) and Brefeldin A (BFA, Sigma 
Aldrich). Post NK cell incubation, cells were fixed (Perm A, Life Tech) and stained for surface 
markers with anti-CD16 APC-Cy7 (BD), anti-CD56 PE-Cy7 (BD) and anti-CD3 PacBlue (BD) 
while fixing. Post permeabilization with Perm B (Life Tech), anti-lIFN-gamma FITC (BD) and 
anti-MIP-18 PE (BD) antibodies were used for intracellular staining. All assays were acquired 
via flow cytometry with an iQue (Intellicyt) and an S-Lab robot (PAA). For ADCP, events were 
gated on bead-positive cells, whereas neutrophils were defined as CD66b positive followed by 
gating on bead-positive neutrophils. A phagocytosis score was calculated for ADCP and ADNP 
as (percentage of bead-positive cells) x (MFI of bead-positive cells) divided by 10000. ADCD 
was reported as MFI of C3 deposition. NK cells were defined as CD3-, CD16+ and CD56+. 
Data were reported as percentage of cells positive for CD107a, MIP-1-alpha or IFN-gamma. 
ELISPOT assay. ELISPOT plates were coated with mouse anti-human IFN-y monoclonal 
antibody from BD Pharmingen at a concentration of 5 ug/well overnight at 4*C. Plates were 
washed with DPBS containing 0.25% Tween20, and blocked with R10 media (RPMI with 11% 
FBS and 1.1% penicillin-streptomycin) for 1 h at 37*C. Spike 1 and Spike 2 peptide pools were 
prepared at a concentration of 2 ug/well, and 200,000 cells/well were added. The peptides and 
cells were incubated for 18-24 h at 37*C. All steps following this incubation were performed at 
room temperature. The plates were washed with coulter buffer and incubated for 2 h with 
Rabbit polyclonal anti-human IFN-y Biotin from U-Cytech (1 ug/mL). The plates are washed a 
second time and incubated for 2 h with Streptavidin-alkaline phosphatase antibody from 
Southern Biotechnology (1 ug/mL). The final wash was followed by the addition of Nitor-blue 
Tetrazolium Chloride/5-bromo-4-chloro 3 “indolyl phosphate p-toludine salt (NBT/BCIP 
chromagen) substrate solution for 7 minutes. The chromagen was discarded and the plates 
were washed with water and dried in a dim place for 24 hours. Plates were scanned and 
counted on a Cellular Technologies Limited Immunospot Analyzer. 

Intracellular cytokine staining assay. 10% PBMCs/well were re-suspended in 100 uL of R10 
media supplemented with CD49d monoclonal antibody (1 ug/mL). Each sample was assessed 
with mock (100uL of R10 plus 0.5% DMSO; background control), Spike 1 and Spike 2 peptide 
pools (2 ug/mL), or 10 pg/mL phorbol myristate acetate (PMA) and 1 ug/mL ionomycin (Sigma- 
Aldrich) (100uL; positive control) and incubated at 37*C for 1 h. After incubation, 0.25 uL of 
GolgiStop and 0.25 uL of GolgiPlug in 50 uL of R10 was added to each well and incubated at 
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37*C for 8 h and then held at 4*C overnight. The next day, the cells were washed twice with 
DPBS,stained with Near IR live/dead dye for 10 mins and then stained with predetermined titers 
of mAbs against CD279 (clone EH12.1, BB700), CD38 (clone OKT10, PE), CD28 (clone 28.2, 
PE CY5), CD4 (clone L200, BV510), CD45 (clone D058-1283, BUV615), CD95 (clone DX2, 
BUV737), CD8 (clone SK1, BUV805), for 30 min. Cells were then washed twice with 2% 
FBS/DPBS buffer and incubated for 15 min with 200uL of BD CytoFix/CytoPerm 
Fixation/Permeabilization solution. Cells were washed twice with 1X Perm Wash buffer (BD 
Perm/WashTM Buffer 10X in the CytoFix/CytoPerm Fixation/ Permeabilization kit diluted with 
MIIliQ water and passed through 0.22um filter) and stained with intracellulariy with mAbs against 
Ki67 (clone B56, FITC), CD69 (clone TP1.55.3, ECD), IL10 (clone JES3-9D7, PE CY7), IL13 
(clone JES10-5A2, BV421), TNF-a (clone Mab11, BV650), IL4 (clone MP4-25D2, BV711), IEN-y 
(clone B27; BUV395), IL2 (clone MQ1-17H12, APC), CD3 (clone SP34.2, Alexa 700), for 30 
min. Cells were washed twice with 1X Perm Wash buffer and fixed with 250uL of freshly 
prepared 1.5% formaldehyde. Fixed cells were transferred to 96-well round bottom plate and 
analyzed by BD FACSymphonyTM system. 

Histopathology and immunohistochemistry. Tissues were fixed in freshly prepared 4% 
paraformaldehyde for 24 hours, transferred to 70% ethanol, and paraffin embedded within 7 
days and blocks sectioned at 5 um. Slides were baked for 30-60 min at 65 degrees then 
deparaffinized in xylene and rehydrated through a series of graded ethanol to distilled water. 

For SARS-Nand lba-1 IHC, heat induced epitope retrieval (HIER) was performed using a 
pressure cooker on steam setting for 25 minutes in citrate buffer (Thermo; AP-9003-500) 
followed by treatment with 3% hydrogen peroxide. Slides were then rinsed in distilled water and 
protein blocked (BioCare, BE965H) for 15 min followed by rinses in 1x phosphate buffered 
saline. Primary rabbit anti-SARS-nucleoprotein antibody (Novus; NB100-56576) and rabbit anti- 
Iba-1 antibody (Wako; 019-19741) was applied at 1:250 followed by rabbit Mach-2 HRP- 
Polymer (BioCare; RHRP520L) for 30 minutes then counterstained with hematoxylin followed by 
bluing using 0.25% ammonia water. Labeling for SARS-N and lba-1 were performed on a 
Biogenex i6000 Autostainer (v3.02). CD4+ T cell, macrophage (CD68/CD163), neutrophil 
(MPO), and type 1 IFN response (Mx1) IHC was performed as previously describe using a 
Biocare intelliPATH autostainer (74), with all antibodies being incubated for 1 h at room 
temperature. CD4 (abcam Cat. No. ab133616; clone EPR6855) was used at 1:200 detection 
using Rabbit Polink-1 HRP (GBI Labs Cat. No. D13-110), CD68 (Biocare Cat. No. CMO33C; 
clone KP1) was used at 1:400 detection using Mouse Polink-2 AP (GBI Labs Cat. No. D69-110), 
CD163 (Thermo Cat. No. MA5-11458; clone 10D6) was used at 1:400 detection using Mouse 
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Polink-2 AP (GBI Labs Cat. No. D69-110), MPO (Dako Cat. No. A0398; polyclonal) was used at 
1:1000 detection using Rabbit Polink-1 HRP (GBI Labs Cat. No. D13-110), Mx1 (EMD Millipore 
Cat. No. MABF938; clone M143/CL143) was used at 1:1000 detection using Mouse Polink-2 
HRP (GBI Labs Cat. No. D37-110). Tissue pathology was assessed independently by two 
board-certified veterinary pathologists (AJM and ADM). Quantitative image analysis was 
performed using HALO software (v2.3.2089.27; Indica Labs). For SARS CovV-2 infected 
animals (n=4) four regions each of the left and right lung were analyzed and for uninfected 
controls (n=4) one region was analyzed. For Mx1 quantification, the Area Quantification v2 
module was used to determine the percentage of MX1 protein as a proportion of the total tissue 
area. For MPO (neutrophil) quantification, the HALO Al software was first trained to detect the 
alveolar portion of the lung by excluding blood vessels (>5mm?), bronchi, bronchioles, cartilage, 
and connective tissue; subsequentiy, the CytoNuclear v1.6 module was used to detect MPO+ 
cells and is presented as a proportion of total alveolar tissue (PMNs/mm?). In all instances, 
manual curation was performed on each sample to ensure the annotations were accurate and to 
correct false positives/false negatives. 

RNASCOPEB in situ hybridization. RNASCOPEAB in situ hybridization was performed as 
previously described (75) using 2019-nCovV anti-sense specific probe v-nCoV2019-S (ACD Cat. 
No. 848561) targeting the positive-sense viral RNA, 2019-nCovV sense specific probe v- 
nCoVv2019-orf1ab-sense (ACD Cat. No. 859151) targeting the negative-sense genomic viral 
RNA, and ZIKA probe V-ZIKVsph2015 (ACD Cat. No. 467871) as a negative control. In brief, 
after slides were deparaffinized in xylene and rehydrated through a series of graded ethanol to 
distilled water, retrieval was performed for 30 min in ACD P2 retrieval buffer (ACD Cat. No. 
322000) at 95-98-C, followed by treatment with protease IIl (ACD Cat. No. 322337) diluted 1:10 
in PBS for 20 min at 40*C. Slides were then incubated with 3% H202 in PBS for 10 minutes at 
room temperature. Prior to hybridization, probes stocks were centrifuged at 13,000 rpm using a 
microcentrifuge for 10 min, then diluted 1:2 in probe diluent (ACD Cat. No. 300041) to reduce 
probe aggregation tissue artifacts. Slides were developed using the RNASCOPEQ 2.5 HD 
Detection Reagents-RED (ACD Cat. No.322360). 

Cyclic immunofluorescence. Cyclic Immunofluorescence (CyCIF) was performed as 
previously described (76). Briefly, paraformaldehyde fixed specimens on glass slides were 
dewaxed and antigen retrieval performed on a Leica Bond RX. Slides were then subjected to 
CyCIF using the following antibodies (Table 1). Slides were scanned with a RARECYTEO 
CYTEFINDERE scanner equipped with a 20x, 0.8 NA objective and images then corrected for 
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uneven illumination using the BaSiC tool. Flat-field-corrected images were processed using 


ASHLAR software to align images and channels to each other across all cycles. 


Table 1: Antibodies for Tissue Cyclic Immunofluorescence 


Species | Clone Vendor 


[Ab] 


(ug/ 
mL) 


Catalog 
No Dilution 


Target Fluorochrome 
ALEXA 

CD16 FLUORE 647 

CD20 eFluor 660 
ALEXA 

CD206 | FI, UORE488 
ALEXA 

CD31 FLUORQ647 

CD68 Phycoeryihrin 
ALEXA 

ECAD FLUORQ488 
ALEXA 

HLADR_ | FLUORB555 
ALEXA 

IBA1 | FLUORE488 
ALEXA 

MPO FLUORQ488 

pan-CK | eFluor 570 

Rabbit ALEXA 

IaG FLUORQ488 
ALEXA 

Rat IlgG | FLUORB555 


Santa Cruz 
Mouse 


DJ13 
Mouse L26 Thermo Fisher 
D-1 


Mouse Santa Cruz 
Biotechnologies 


Rabbit EPR3094 _ | Abcam 


Rat CD3-12 Abcam 
Rabbit D4B9C CST 


clone 
Rabbit 24E10 


Rabbit EPR3692 | Abcam 
i EPR6136( 
Rabbit 2 Asa fi 


EPR2025 
Rabbit 7 Abcam 


Mouse AE1/AES Thermo Fisher 


Oc Biotechnologies 


SC- 


AF647 150 1.3 
50- 
0202-80 | 1000 0.2 


CST 3199S (EREI 


1000 


7 
41 
9003-82 


2 
200 n.d 
300 n.d. 
ȘI 
00 n.d. 
00 n.d 
0.2 


Goat polyclonal | Thermo Fisher A11070 | 2000 1 


Goat polyclonal | Thermo Fisher 


Rabbit polyclonal | Novus 


A21245_ | 2000 1 


NB100- 
200 2.5 


Statistical analyses. Analysis of virologic and immunologic data was performed using 


GraphPad Prism 8.4.2 (GraphPad Software). Comparison of data between groups was 


performed using 2-sided Mann-Whitney tests. P-values of less than 0.05 were considered 


significant. 


Results 


Virology and Immunology of 2019-nCovV infection in Rhesus Macaques 


9 adult rhesus macaques (6-12 years old) were inoculated with a total of 1.1x106 PFU (Group 1; 


N=3), 1.1x105 PFU (Group 2; N=3), or 1.1x104 PFU (Group 3; N=3) 2019-nCoV, administered 


as 1 ml by the intranasal (IN) route and 1 ml by the intratracheal (IT) route. Following viral 
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challenge, viral RNA levels were assessed by RT-PCR in multiple anatomic compartments. 
High levels of viral RNA were observed in bronchoalveolar lavage (BAL) (FIG. 23A) and nasal 
swabs (NS) (FIG. 23B), with a median peak of 6.56 (range 5.32-8.97) Iog10 RNA copies/mL in 
BAL and a median peak of 7.00 (range 5.06-8.55) logo RNA copies/swab in NS. Viral RNA in 
NS increased in all animals from day 1 to day 2, suggesting viral replication. Viral RNA peaked 
on day 2 and typically resolved by day 10-14 in BAL and by day 21-28 in NS. Following day 2, 
viral loads in BAL and NS appeared comparable in all groups regardless of dose. Viral RNA 
was undetectable in plasma (FIG. 29). Animals exhibited modestly decreased appetite and 
responsiveness suggestive of mild clinical disease (FIG. 30) as well as mild transient 
neutropenia and lymphopenia in the high dose group (FIG. 31), but fever, weight loss, 
respiratory distress, and mortality were not observed. 

To help differentiate input challenge virus from newly replicating virus, an RT-PCR assay was 
developed to assess E gene subgenomic mRNA (sgmRNA). E gene samRNA reflects viral 
replication cellular intermediates that are not packaged into virions and thus represent putative 
replicating virus in cells (9). Compared with total viral RNA (FIG. 23B), sgmRNA levels were 
lower in NS on day 1 with a median of 5.11 (range <1.70-5.94) log: sSagmRNA copies/swab, but 
then increased by day 2 to a median of 6.50 (range 4.16-7.81) logo s9gmRNA copies/swab (FIG. 
23C). 

2019-nCovV-specific humoral and cellular immune responses in these animals was evaluated 
next. All 9 macaques developed binding antibody responses to the 2019-nCov Spike (S) 
protein by ELISA (FIG. 24A) and neutralizing antibody (NAb) responses using both a 
pseudovirus neutralization assay (70) (FIG. 24B) and a live virus neutralization assay (77, 12) 
(FIG. 24C). NAb titers of approximately 100 were observed in all animals on day 35 regardless 
of dose group (range 83-197 by the pseudovirus neutralization assay and 35-326 by the live 
virus neutralization assay). Antibody responses of multiple subclasses were observed against 
the receptor binding domain (RBD), the prefusion S ectodomain (S), and the nucleocapsid (N), 
and antibodies exhibited diverse effector functions, including antibody-dependent complement 
deposition (ADCD), antibody-dependent cellular phagocytosis (ADCP), antibody-dependent 
neutrophil phagocytosis (ADNP), and antibody-dependent NK cell degranulation (NK CD107a) 
and cytokine secretion (NK MIP1B, NK IFN) (73) (FIG. 24D). Cellular immune responses to 
pooled S peptides were observed in the majority of animals by IFN-y ELISPOT assays on day 
35, with a trend towards lower responses in the lower dose groups (FIG. 24E). Intracellular 
cytokine staining assays demonstrated induction of both S-specific CD8+ and CD4+ T cell 


responses (FIG. 24F). 
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SARS CovV-2 Infection Induces Acute Viral Interstitial Pneumonia in Rhesus Macaques 
Only limited pathology data from 2019-nCov infected humans are currently available. To 
assess the pathologic characteristics of 2019-nCov infection in rhesus macaques, 4 animals 
were inoculated with 1.1x105 PFU virus by the IN and IT routes as above and necropsied them 
on day 2 (N=2) and day 4 (N=2) following challenge. Multiple regions of the upper respiratory 
tract, lower respiratory tract, gastrointestinal tract, lymph nodes, and other organs were 
harvested for virologic and pathologic analyses. High levels of viral RNA were observed in all 
nasal mucosa, pharynx, trachea, and lung tissues, and lower levels of virus were found in the 
gastrointestinal tract, liver, and kidney (FIG. 32). Viral RNA was readily detected in paratracheal 
lymph nodes but was only sporadically found in distal lymph nodes and spleen (FIG. 32). 
Upper airway mucosae, trachea, and lungs were paraformaldehyde fixed, paraffin embeded, 
and evaluated by histopathology. On day 2 following challenge, both necropsied animals 
demonstrated multifocal regions of inflammation and evidence of viral pneumonia, including 
expansion of alveolar septae with mononuclear cell infiltrates, consolidation, and edema (FIG. 
25A, 25B). Regions with edema also contained numerous polymorphonuclear celis, 
predominantly neutrophils. Terminal bronchiolar epithelium was necrotic and sloughed with 
clumps of epithelial cells detected within airways and distally within alveolar spaces (FIG. 25C, 
25D) with formation of occasional bronchiolar epithelial syncytial cells (FIG. 25E). Hyaline 
membranes were occasionally observed within alveolar septa, consistent with damage to type | 
and type Il pneumocytes (FIG. 25F). Diffusely reactive alveolar macrophages filled alveoli, and 
some were multinucleated and labeled positive for nucleocapsid by immunohistochemistry (FIG. 
25G). Alveolar lining cells (pneumocytes) also prominently labeled positive for nucleocapsid 
(FIG. 25H). 

Multifocal clusters of virus infected cells were present throughout the lung parenchyma, as 
detected by immunohistochemistry and in situ RNA hybridization (RNASCOPEG) (74, 715) (FIG. 
251). Both positive-sense and negative-sense viral RNA was observed by RNASCOPER, 
suggesting viral replication in lung tissue. The dense inflammatory infiltrates included 
polymorphonuclear cells detected by endogenous myeloperoxidase staining (MPO), CD68 and 
CD163 positive macrophages, CD4+ and CD8+ T lymphocytes, and diffuse upregulation of the 
type 1 interferon gene MX1 (FIG. 33). 2019-nCov infection led to a significant increase in 
polymorphonuclear cell infiltration of lung alveoli compared with uninfected animals (P=0.0286) 
as well as extensive MX1 staining in approximately 30% of total lung tissue (P=0.0286) (FIG. 
34). Inflammatory infiltrates were also detected in the respiratory epithelial submucosa of larger 


airways with transmigration of inflammatory cells into bronchiole lumen (FIG. 25J). Ciliated 
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epithelial cells also stained positive for both SARS Cov-2 RNA (FIG. 25K) and SARS 
nucleocapsid (FIG. 25L). By day 4 following infection, the extent of inflammation and viral 
pneumonia had diminished, but virus was still detected in lung parenchyma and neutrophil 
infiltration and type 1 interferon responses persisted (FIG. 34). 

To further characterize infected tissues, cyclic immunofluorescence (CyCIF) imaging, a method 
for multiplex immunophenotyping of paraformaldehyde fixed tissue specimens (76), was 
performed. Tissues were stained for nucleocapsid (SARS-N), pan-cytokeratin (to identify 
epithelial cells), Iba-1 (ionized calcium binding adaptor as a pan-macrophage marker), CD68 
(monocyte/macrophage marker), and CD206 (macrophage marker), in addition to a panel of 
markers to identify other immune cells and anatomical structures, and counterstaining for DNA 
to label all nuclei. Foci of virus infected cells were randomly dispersed throughout the lung and 
were variably associated with inflammatory infiltrates (FIG. 26A-D). Some areas of 
parenchymal consolidation and inflammation contained little to no virus (FIG. 26A, arrows; FIG. 
35). Virus infected cells frequently co-stained with pan-cytokeratin (FIG. 26E-H), suggesting 
that they were alveolar epithelial cells (pneumocytes). Uninfected Iba-1+ CD68+ CD206+ 
activated macrophages were also frequently detected adjacent to virally infected epithelial cells 
(FIG. 26E, |-K). These data demonstrate that 2019-nCovV induced multifocal areas of acute 
inflammation and viral pneumonia involving infected pneumocytes, ciliated bronchial epithelial 
cells, and likely other cell types. 

Protective Efficacy Against Re-Challenge with 2019-nCov in Rhesus Macaques 

On day 35 following initial viral infection (FIGS. 23-24), all 9 rhesus macaques were 
rechallenged with the same doses of 2019-nCovV that were utilized for the primary infection, 
namely 1.1x106 PFU (Group 1; N=3), 1.1x105 PFU (Group 2; N=3), or 1.1x10* PFU (Group 3; 
N=3). 3 naive animals were included as positive controls in the re-challenge experiment. Very 
limited viral RNA was observed in BAL on day 1 following re-challenge in two Group 1 animals 
and in one Group 2 animal, with no viral RNA detected at subsegquent timepoints (FIG. 27A). In 
contrast, high levels of viral RNA were observed in the concurrently challenged naive animals 
(FIG. 27A), as expected. Median peak viral loads in BAL were >5.1 logo lower following re- 
challenge as compared with the primary challenge (P<0.0001, two-sided Mann-Whitney test; 
FIG. 27B). Viral RNA following re-challenge was higher in NS compared with BAL, but exhibited 
dose dependence and rapid decline (FIG. 27C), and median peak viral loads in NS were still 
>1.7 logo lower following re-challenge as compared with the primary challenge (P=0.0011, two- 
sided Mann-Whitney test; FIG. 27D). 
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The majority of virus detected in NS following re-challenge was speculated to be input challenge 
virus, and therefore sgmRNA levels were assessed in NS following re-challenge. Low but 
detectable levels of sgmRNA were still observed in 4 of 9 animals in NS on day 1 following re- 
challenge, but sgmRNA levels declined quickly (FIG. 27E), and median peak sgmRNA levels in 
NS were >4.8 logo lower following re-challenge as compared with the primary challenge 
(P=0.0003, two-sided Mann-Whitney test; FIG. 27F). Consistent with these data, plaque assays 
in BAL and NS samples following re-challenge showed no recoverable virus and were lower 
than following primary infection (P=0.009 and 0.002, respectively, two-sided Mann-Whitney 
tests; FIG. 36). Moreover, little or no clinical disease was observed in the animals following re- 
challenge (FIG. 37). 

Following 2019-nCov re-challenge, animals exhibited rapid anamnestic immune responses, 
including increased virus-specific ELISA titers (P=0.0034, two-sided Mann-Whitney test), 
pseudovirus NAb titers (P=0.0003), and live virus NAb titers (P=0.0003) as well as a trend 
towards increased IFN-y ELISPOT responses (P=0.1837) by day 7 after re-challenge (FIG. 28). 
All animals developed anamnestic antibody responses following re-challenge, regardless of the 
presence or absence of residual viral RNA or sgmRNA in BAL or NS, and thus the protective 
efficacy against re-challenge was speculated to be mediated by rapid immunologic control. 
Discussion 

Individuals who recover from certain viral infections typically develop virus-specific antibody 
responses that provide robust protective immunity against re-exposure, but some viruses do not 
generate protective natural immunity, such as HIV-1 (77). Human challenge studies for the 
common cold coronavirus 229E have suggested that there may be partial natural immunity (78). 
However, there is currently no data whether humans who have recovered from 2019-nCoV 
infection are protected from re-exposure (World Health Organization, Scientific Brief, April 24, 
2020). This is a critical issue with profound implications for vaccine development, public health 
strategies, antibody-based therapeutics, and epidemiologic modeling of herd immunity. In this 
study, 2019-nCov infection in rhesus macaques was demonstrated to provide substantial 
protective efficacy against 2019-nCovV re-challenge. 

A rhesus macaque model of 2019-nCov infection was developed that recapitulates many 
aspects of human 2019-nCov infection, including high levels of viral replication in the upper and 
lower respiratory tract (FIG. 23) and clear pathologic evidence of viral pneumonia (FIGS. 25, 
26). Histopathology, immunohistochemistry, RNASCOPEG, and CyCIF imaging demonstrated 
multifocal clusters of virus infected cells in areas of acute inflammation, with evidence for virus 


infection of alveolar pneumocytes and ciliated bronchial epithelial cells. These data suggest the 
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utility of rhesus macaques as a model for 2019-nCov infection for testing vaccines and 
therapeutics and for studying immunopathogenesis, and the findings complement and extend 
recently published data in cynomolgus macaques (79). However, neither nonhuman primate 
model led to respiratory failure or mortality, and thus further research will be required to develop 
a nonhuman primate model of severe COVID-19 disease. 

2019-nCov infection in rhesus macaques led to robust humoral and cellular immune responses 
(FIG. 2) and provided robust protection against re-challenge (FIG. 27). Residual low levels of 
subgenomic mRNA in nasal swabs in a subset of animals (FIG. 27) and anamnestic immune 
responses in all animals (FIG. 28) following 2019-nCov re-challenge suggest that protection 
was mediated by rapid immunologic control and likely was not sterilizing. 

2019-nCov infection in rhesus monkeys resulted in the induction of neutralizing antibody titers 
of approximately 100 by both a pseudovirus neutralization assay and a live virus neutralization 
assay, but the relative importance of neutralizing antibodies, other functional antibodies, cellular 
immunity, and innate immunity to protective efficacy against 2019-nCoV remains to be 
determined. Moreover, additional research will be required to define the durability of natural 
immunity. 

In summary, 2019-nCovV infection in rhesus macaques induced humoral and cellular immune 
responses and provided robust protective efficacy against 2019-nCovV re-challenge. These data 
raise the possibility that immunologic approaches to the prevention and treatment of 2019-nCoV 
infection may in fact be possible. 
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Example 10. Administration or re-administration of an anti-coronavirus composition to a 
human subject 

A human subject may be identified as susceptible to a coronavirus infection based upon the 
absence of an anti-coronavirus antibody level (e.g., in the blood of the subject) or an anti- 
coronavirus antibody level that is below a protective level, as defined herein. The subject can 
be administered an anti-coronavirus composition (e.g., any of the compositions or immunogenic 


compositions described herein) either as the first administration (a prime) or as a re- 
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administration (a boost), according to the methods described herein. After treatment, the 
human subject can be tested for the effectiveness of the treatment by measuring an anti- 
coronavirus antibody level in the human subject (e.g., in the blood of the subject). If the level is 
below a protective level, as defined herein, the human subject may be given a subsequent 
poost of an anti-coronavirus composition or may be treated with a different anti-coronavirus 
composition from one previously administered. 

The anti-coronavirus antibody level may be measured shortly after treatment (e.g., between 1 
day post-administration and 8-weeks post-administration) in order to determine if additional 
doses (e.g., a boost) is needed to achieve a protective level of anti-coronavirus antibodies. The 
anti-coronavirus antibody level in the subject may also be monitored over a longer timeframe 
(e.g., between 2 month post-administration and 15 years post-administration) and an anti- 
coronavirus composition may be re-administered if the anti-coronavirus antibody level falls 
below a protective level, as defined herein. 

Example 11. A Single-Dose Vaccine Protects Against 2019-nCovV in Rhesus Macaques 

A safe and effective 2019-nCov vaccine may be required to end the COVID-19 pandemict. 
For global deployment and pandemic control, a vaccine that requires only a single immunization 
would be optimal. The immunogenicity and protective efficacy of a single dose of adenovirus 
serotype 26 (Ad26) vector-based vaccines expressing the 2019-nCovV spike (S) protein in 
nonhuman primates is shown herein. 52 rhesus macaques were immunized with Ad26 vectors 
expressing one of a panel of S variants or sham control and were challenged with 2019-nCoV 
by the intranasal and intratracheal routes%10. The optimal Ad26 vaccine induced robust 
neutralizing antibody responses and provided complete or near-complete protection in 
bronchoalveolar lavage and nasal swabs following 2019-nCov challenge. Vaccine-elicited 
neutralizing antibody titers correlated with protective efficacy, suggesting an immune correlate 
of protection. These data demonstrate robust single-shot vaccine protection against 2019-nCoV 
in nonhuman primates, which is an art-accepted animal model of disease treatment in humans. 
An optimal Ad26 vector-based vaccine for 2019-nCoV, termed Ad26.CO0V2.S, is planned for 
imminent clinical trials. 

The rapid expansion of the COVID-19 pandemic has made the development of a 2019-nCoV 
vaccine a global health priority. Adenovirus serotype 26 (Ad26) vectors!! have been shown to 
induce robust humoral and cellular immune responses to multiple pathogens in both nonhuman 
primates and humans. A series of Ad26 vectors expressing different variants of the 2019-nCoV 
spike (S) protein were developed and their immunogenicity and protective efficacy against 


2019-nCovV challenge in rhesus macaques were evaluated. 
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Materials and Methods 

Animals and study design. 52 outbred Indian-origin adult male and female rhesus macaques 
(Macaca mulatta), 6-12 years old, were randomly allocated to groups. All animals were housed 
at Bioqual, Inc. (Rockville, MD). Animals received Ad26 vectors expressing tPA.S (N=4), 
tPA.S.PP (N=4), S (N=4), S.aCT (SS-SaCT) (N=4), tPA.WT.S (N=4), S.dTM.PP (SS-S.Ecto-dF- 
PP-foldon) (N=6), S.PP (SS-Spike-dF-PP) (N=6), and sham controls (N=20). Animals received 
a single immunization of 1011 viral particles (vp) Ad26 vectors by the intramuscular route without 
adjuvant at week 0. At week 6, all animals were challenged with 1.2x10% VP (1.1x10+ PFU) 
2019-nCovV, which was derived from USA-WA1/2020 (NR-52281; BEI Resources). Virus was 
administered as 1 ml by the intranasal (IN) route (0.5 ml in each nare) and 1 ml by the 
intratracheal (IT) route. All immunologic and virologic assays were performed blinded. All 
animal studies were conducted in compliance with all relevant local, state, and federal 
regulations and were approved by the Bioqual Institutional Animal Care and Use Committee 
(IACUC). 

Ad26 Vectors. Ad26 vectors were constructed with seven variants of the 2019-nCovV spike (S) 
protein sequence (Wuhan/WIV04/2019; Genbank MN996528.1). Sequences were codon 
optimized and synthesized. Replication-incompetent, E1/E3-deleted Ad26-vectorst! were 
produced in PER.C6.TetR cells using a plasmid containing the full Ad26 vector genome and a 
transgene expression cassette. Vectors were sequenced and tested for expression prior to use. 
Western Blot. T-25 flasks seeded with 293T cells at 70-80% confluency were transiently 
transfected with 2019-nCoV Ad26 vectors and cell lysates were harvested 48 h post- 
transfection and separately mixed with reducing sample buffer (Pierce), heated for 5 min at 
95*C and run on a precast 4-15% SDS-PAGE gel (Bio-Rad). Protein was transferred to a 
polyvinylidene difluoride (PVDF) membrane using an iBlot dry blotting system (Invitrogen), and 
membrane blocking performed overnight at 4*C in Dulbecco's phosphate-buffered saline T (D- 
PBST) containing 0.2% Tween 20 (Sigma) (V/V) and 5% (W/V) non-fat milk powder. Following 
overnight blocking, the PVDF membrane was incubated for 1 h in 3% milk DPBS-T containing a 
1:10,000 dilution of polyclonal guinea pig anti-SARS antibody (BEI resources) for 1 h. After this 
incubation, the PVDF membrane was washed five times with 5% milk DPBS-T and 
subsequently incubated with 1:30,000 anti-guinea pig or anti-rabbit horseradish peroxidase 
(HRP)-conjugated secondary antibody (Jackson Immunoresearch) in 3% milk DPBS-T. Finally, 
the PVDF membrane was washed again five times with 5% milk DPBS-T, and developed using 


an Amersham ECL Plus Western blotting detection system (GE Healthcare). 
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Subgenomic mRNA assay. 2019-nCov E gene subgenomic mRNA (sgmRNA) was assessed 
by RT-PCR using an approach similar to previously described?1%20. Briefly, to generate a 
standard curve, the 2019-nCovV E gene sgmRNA was cloned into a pcDNA3.1 expression 
plasmid; this insert was transcribed using an AmpliCap-Max T7 High Yield Message Maker Kit 
(Cellscript) to obtain RNA for standards. Prior to RT-PCR, samples collected from challenged 
animals or standards were reverse-transcribed using Superscript III VILO (Invitrogen) according 
to the manufacturer's instructions. A Tagman custom gene expression assay (ThermoFisher 
Scientific) was designed using the sequences targeting the E gene sgmRNA2. Reactions were 
carried out on a QuantStudio 6 and 7 Flex Real-Time PCR System (Applied Biosystems) 
according to the manufacturer's specifications. Standard curves were used to calculate 
SgmRNA in copies per ml or per swab; the quantitative assay sensitivity was 50 copies per ml or 
per swab. 

PFU assay. For plaque assays, confluent monolayers of Vero E6 cells were prepared in 6-well 
plates. Indicated samples collected from challenged animals were serially diluted, added to 
wells, and incubated at 370C for 1 h. After incubation, 1.5 mL of 0.5% methylcellulose media 
was added to each well and the plates were incubated at 37*C with 5% CO» for 2 days. Plates 
were fixed by adding 400 uL ice cold methanol per well and incubating at -20*C for 30 min. 
After fixation, the methanol was discarded, and cell monolayers were stained with 600 uL per 
well of 0.23% crystal violet for 30 min. After staining, the crystal violet was discarded, and the 
plates were washed once with 600 uL water to visualize and count plaques. 

ELISA. RBD-specific binding antibodies were assessed by ELISA essentially as described?10. 
Briefly, 96-well plates were coated with 1ug/mL 2019-nCoV RBD protein (Aaron Schmidt, 
MassCPR) in 1X DPBS and incubated at 4*C overnight. After incubation, plates were washed 
once with wash buffer (0.05% Tween20 in 1 X DPBS) and blocked with 350 uL Casein 
block/well for 2-3 h at room temperature. After incubation, block solution was discarded and 
plates were blotted dry. Serial dilutions of heat-inactivated serum diluted in Casein block were 
added to wells and plates were incubated for 1 h at room temperature, prior to three further 
washes and a 1 h incubation with a 1:1000 dilution of anti-macaque IgG HRP (NIH NHP 
Reagent Program) at room temperature in the dark. Plates were then washed three times, and 
100 uL of SERACAREEB KPL TMB SureBlue Start solution was added to each well; plate 
development was halted by the addition of 100 uL SERACAREE KPL TMB Stop solution per 
well. The absorbance at 450nm was recorded using a VERSAMAX" or OMEGA microplate 
reader. ELISA endpoint titers were defined as the highest reciprocal serum dilution that yielded 


an absorbance > 0.2. Log10 endpoint titers are reported. 
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Pseudovirus neutralization assay. The 2019-nCovV pseudoviruses expressing a luciferase 
reporter gene were generated in an approach similar to as described previously%1%16. Briefly, 
the packaging construct psPAX2 (AIDS Resource and Reagent Program), luciferase reporter 
plasmid pLenti-CMV Puro-Luc (Addgene), and spike protein expressing pcDNA3.1-SARS Cov- 
2 SACT were co-transfected into HEK293T cells with calcium phosphate. The supernatants 
containing the pseudotype viruses were collected 48 h post-transfection; pseudotype viruses 
were purified by filtration with 0.45 um filter. To determine the neutralization activity of the 
antisera from vaccinated animals, HEK293T-hACEZ2 cells were seeded in 96-well tissue culture 
plates at a density of 1.75 x 104 cells/well overnight. Two-fold serial dilutions of heat inactivated 
serum samples were prepared and mixed with 50 uL of pseudovirus. The mixture was 
incubated at 37*C for 1 h before adding to HEK293T-hACE2 cells. After 48 h, cells were lysed 
in STEADY-GLOE Luciferase Assay (Promega) according to the manufacturer's instructions. 
2019-nCovV neutralization titers were defined as the sample dilution at which a 50% reduction in 
RLU was observed relative to the average of the virus control wells. 

Live virus neutralization assay. A full-length 2019-nCov virus based on the Seattle 
Washington isolate was designed to express luciferase and GFP and was recovered via reverse 
genetics as described previously1718. The virus was titered in Vero E6 USAMRID cells to obtain 
a relative light units (RLU) signal of at least 10X the cell only control background. Vero E6 
USAMRIID cells were plated at 20,000 cells per well the day prior in clear bottom black walled 
96-well plates. Neutralizing antibody serum samples were tested at a starting dilution of 1:4 and 
were serially diluted 4-fold up to eight dilutions. Antibody-virus complexes were incubated at 
37*C with 5% CO> for 1 h. Following incubation, growth media was removed and virus-antibody 
dilution complexes were added to the cells in duplicate. Virus-only controls and cell-only 
controls were included in each neutralization assay plate. Following infection, plates were 
incubated at 37*C with 5% CO» for 48 h. Cells were then Iysed and luciferase activity was 
measured via Nano-Glo Luciferase Assay System (Promega) according to the manufacturer 
specifications. 2019-nCovV neutralization titers were defined as the sample dilution at which a 
50% reduction in RLU was observed relative to the average of the virus control wells. 

Systems serology. 

Luminex 

A customized multiplexed approach to guantify relative antigen-specific antibody titers was 
used, as previously described??. Therefore, microspheres (Luminex) with a unique fluorescence 
were coupled with 2019-nCovV antigens including spike protein (S) and Receptor Binding 


Domain (RBD) via covalent N-hydroxysuccinimide (NHS)-ester linkages via EDC (Thermo 
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Scientific) and Sulfo-NHS (Thermo Scientific). Per well in a 384-well plate (Greiner), 1.2x10% 
beads per region/ antigen were added and incubated with diluted serum sample (1:100 for all 
isotypes/subclasses except for l|gG1, which was diluted 1:250 as well as Fc-receptor binding) for 
16h shaking at 900rmp at 4*C. Following formation of immune complexes, microspheres were 
washed three times in 0.1% BSA and 0.05% Tween-20 (Luminex assay buffer) with an 
automated plate washer (Tecan). Anti-rhesus IgG1, lgG2, lgG3, IgA (NIH NHP Reagent 
Program) and IgM (Life Diagnostic) detection antibodies were diluted in Luminex assay buffer to 
0.65 ug/mL and incubated with beads for 1h at RT while shaking at 900rpm. Following washing 
of stained immune complexes, a tertiary goat anti-mouse IgG-PE antibody (Southern Biotech) 
was added to each well at 0.5 ug/mL and incubated for 1h at RT on a shaker. Similarly, for the 
Fc-receptor binding profiles, recombinant rhesus FeyR2A-1, FoyR2A-2, FoyR2A-3, FoyR2A-4, 
FeyR3A and human FeyR2B (Duke Protein Production facility) were biotinylated (Thermo 
Scientific) and conjugated to Streptavidin-PE for 10 min (Southern Biotech). The coated beads 
were then washed and read on a flow cytometer, iQue (Intellicyt) with a robot arm attached 
(PAA). Events were gated on each bead region, median fluorescence of PE for of bead positive 
events was reported. Samples were run in duplicate per each secondary detection agent. 
Bead-based ADNP, ADCP, ADCD 

Antibody-dependent neutrophil phagocytosis (ADNP), antibody-dependent cellular phagocytosis 
(ADCP), and antibody-dependent complement deposition (ADCD) were performed as 
previously described%-%. Briefly, 2019-nCov S and RBD were biotinylated (Thermo Fisher) and 
coupled to 1um yellow (ADCP, ADNP) and red (ADCD) fluorescent beads for 2h at 37*C. 
Excess antigen was removed by washing twice with 0.1% BSA in PBS. Following, 1.82 x108 
antigen-coated beads were added to each well of a 96-well plate and incubated with diluted 
samples (ADCP and ADNP 1:100, ADCD 1:10) at 37*C for 2h to facilitate immune complex 
formation. After the incubation, complexed beads were washed and for ADCP, 2.5x10* THP-1 
cells (American Type Culture Collection) were added per well and incubated for 16h at 37*C. 
For ADNP, peripheral blood mononuclear cells (PBMCs) were isolated from healthy blood 
donors by Iysis of red blood cells by addition of Ammonium-Chloride-Potassium (ACK) Iysis 
(Thermo fisher) and 5x10* cells were added per well and incubated for 1h at 37*C. 
Subsequently, primary blood cells were stained with an anti-Cd66b Pac blue detection antibody 
(BioLegend). For ADCD, lyophilized guinea pig complement was reconstituted according to 
manufacturer's instructions (Cedarlane) with water and 4ul per well were added in gelatin 
veronal buffer containing Mg?* and Ca?* (GVB**, Boston BioProducts) to the immune complexes 


for 20 min at 37*C. After washing twice with 15mM EDTA in PBS, immune complexes were 
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stained with a fluorescein-conjugated goat IgG fraction to guinea pig complement C3 (MpBio). 
Following incubation with THP-s and staining of cells for ADNP and ADCD cell samples are 
fixed with 4% paraformaldehyde (PFA) and sample acquisition was performed via flow 
cytometry (Intellicyt, iQue Screener plus) utilizing a robot arm (PAA). All events were gated on 
single cells and bead positive events, for ADCP and ADNP, a phagocytosis score was 
calculated as the percent of bead positive cells x GMFI/1,000. For ADCD, the median of C3 
positive events is reported. All samples were run in duplicate on separate days. 
ADNKA 
For analysis of NK-cell related responses, an ELISA-based assay was used. Therefore, 96-well 
ELISA plates (Thermo Fisher) were coated with 2019-nCov S at 37*C for 2h. Plates were then 
washed and blocked with 5% BSA in PBS overnight at 4*C. NK cells were isolated from buffy 
coats from healthy donors (MGH blood donor center) using the RosetteSep isolation kit (Stem 
Cell Technologies) and NK cells were rested overnight supplemented with IL-15 (Stemcell). 
Serum samples were diluted 1:50 and incubated at 37*C for 2h on the ELISA plates. A staining 
cocktail of anti-CD107a-PE-Cy5 stain (BD), brefeldin A (Sigma), and GolgiStop (BD) was added 
to the NK cells and 5x10 NK cells per well were added and incubated for 5h at 37*C. NK cells 
were fixed and permeabilized using Perm A and B (Thermo Fisher) and surface markers were 
stained for with anti-CD16 APC-Cy7 (BD), anti-CD56 PE-Cy7 (BD) and anti-CD3 AlexaFluor 
700 antibodies (BD). Intracellular staining included anti-lFNy APC (BD) and anti-MIP-18 PE 
(BD). Acquisition occurred by flow cytometry iQue (Intellicyt), equipped with a robot arm (PAA). 
NK cells were defined as CD3-, CD16+ and CD56+. The ADNKA assay was performed in 
duplicate across two blood donors. 
Analysis 
All isotypes/subclasses, Fc-receptor binding and ADCD data were logo transformed. For the 
radar plots, each antibody feature was normalized such that its minimal value is O and the 
maximal value is 1 across groups before using the median within a group. A principal 
component analysis (PCA) was constructed using the R package 'ropls' to compare multivariate 
profiles. Completely protected animals were defined as having no detectable sgmRNA 
copies/mL in BAL and NS. Completely protected vs. partially protected and non-protected 
animals were compared using two-sided Mann-Whitney tests. For the visualization in the 
heatmap, the differences in the means of completely and partially protected group of z-scored 
features were shown. To indicate significances in the heatmap, a Benjamini-Hochberg 
correction was used to correct for multiple comparisons. To assess the ability of features and 
their combinations to predict protection, logistic regression models were trained for 100 
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repetitions in a 10-fold cross-validation framework and areas under the receiver operator 
characteristics (AUROC) curves were calculated. All potential combinations of two features 
were tested. For this, the R packages 'glm' and 'pROC: were used. 

ELISPOT assay. ELISPOT plates were coated with mouse anti-human IFN-y monoclonal 
antibody from BD Pharmingen at a concentration of 5 ug/well overnight at 4*C. Plates were 
washed with DPBS containing 0.25% Tween20, and blocked with R10 media (RPMI with 11% 
FBS and 1.1% penicillin-streptomycin) for 1 h at 37*C. The Spike 1 and Spike 2 peptide pools 
contain 15 amino acid peptides overlapping by 11 amino acids that span the protein sequence 
and reflect the N- and C- terminal halves of the protein, respectively. Spike 1 and Spike 2 
peptide pools were prepared at a concentration of 2 ug/well, and 200,000 cells/well were added. 
The peptides and cells were incubated for 18-24 h at 37*C. All steps following this incubation 
were performed at room temperature. The plates were washed with coulter buffer and 
incubated for 2 h with Rabbit polyclonal anti-human IFN-y Biotin from U-Cytech (1 ug/mL). The 
plates are washed a second time and incubated for 2 h with Streptavidin-alkaline phosphatase 
antibody from Southern Biotechnology (1 ug/mL). The final wash was followed by the addition 
of Nitor-blue Tetrazolium Chloride/5-bromo-4-chloro 3 “indolyl phosphate p-toludine salt 
(NBT/BCIP chromagen) substrate solution for 7 min. The chromagen was discarded and the 
plates were washed with water and dried in a dim place for 24 h. Plates were scanned and 
counted on a Cellular Technologies Limited Immunospot Analyzer. 

Intracellular cytokine staining assay. 10% PBMCs/well were re-suspended in 100 uL of R10 
media supplemented with CD49d monoclonal antibody (1 ug/mL). Each sample was assessed 
with mock (100 uL of R10 plus 0.5% DMSO; background control), peptide pools (2 ug/mL), or 
10 pg/mL phorbol myristate acetate (PMA) and 1 ug/mL ionomycin (Sigma-Aldrich) (100uL; 
positive control) and incubated at 37*C for 1h. After incubation, 0.25 uL of GolgiStop and 0.25 
uL of GolgiPlug in 50 uL of R10 was added to each well and incubated at 37*C for 8 h and then 
held at 4*C overnight. The next day, the cells were washed twice with DPBS, stained with Near 
IR live/dead dye for 10 mins and then stained with predetermined titers of mAbs against CD279 
(clone EH12.1, BB700), CD38 (clone OKT10, PE), CD28 (clone 28.2, PE CY5), CD4 (clone 
L200, BV510), CD45 (clone D058-1283, BUV615), CD95 (clone DX2, BUV737), CD8 (clone 
SK1, BUV805), for 30 min. Cells were then washed twice with 2% FBS/DPBS buffer and 
incubated for 15 min with 200uL of BD CytoFix/CytoPerm Fixation/Permeabilization solution. 
Cells were washed twice with 1X Perm Wash buffer (BD Perm/WashTM Buffer 10X in the 
CytoFix/CytoPerm Fixation/ Permeabilization kit diluted with MIlliQ water and passed through 
0.22um filter) and stained with intracellulariy with mAbs against Ki67 (clone B56, FITC), CD69 
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(clone TP1.55.3, ECD), IL10 (clone JES3-9D7, PE CY7), IL13 (clone JES10-5A2, BV421), TNF- 
a (clone Mab11, BV650), IL4 (clone MP4-25D2, BV711), IFN-y (clone B27; BUV395), IL2 (clone 
MQ1-17H12, APC), CD3 (clone SP34.2, Alexa 700), for 30 min. Cells were washed twice with 
1X Perm Wash buffer and fixed with 250uL of freshly prepared 1.5% formaldehyde. Fixed cells 
were transferred to 96-well round bottom plate and analyzed by BD FACSymphonyTM system. 
Statistical analyses. Analysis of virologic and immunologic data was performed using 
GraphPad Prism 8.4.2 (GraphPad Software). Comparison of data between groups was 
performed using two-sided Mann-Whitney tests. Correlations were assessed by two-sided 
Spearman rank-correlation tests. P-values of less than 0.05 were considered significant. 
Results 

Generation and Immunogenicity of Ad26 Vaccine Candidates 

Seven Ad26 vectors expressing 2019-nCov S variants that reflected different promoters, 
antigen forms, and stabilization mutations were produced: (i) tissue plasminogen activator (tPA) 
leader sequence with full-length S (tPA.S (SEQ ID NO: 1, with a tPA leader sequence fused to 
the N-terminus))'2, (ii) tPA leader sequence with full-length S with mutation of the furin cleavage 
site and two proline stabilizing mutations (tPA.S.PP (SEQ ID NO: 23, with a tPA leader 
sequence fused to the N-terminus))1535, (iii) wildtype leader sequence with native full-length S 
(S (SEQ ID NO: 29)), (iv) wildtype leader sequence with S with deletion of the cytoplasmic tail 
(S.dCT (SS-SaCT) (SEQ ID NO: 30))%, (v) tandem tPA and wildtype leader sequences with full- 
length S (tPA.WT.S (SEQ ID NO: 29, with a tPA leader sequence fused to the N-terminus))'2, 
(vi) wildtype leader sequence with S with deletion of the transmembrane region and cytoplasmic 
tail, reflecting the soluble ectodomain, with mutation of the furin cleavage site, proline stabilizing 
mutations, and a foldon trimerization domain (S.4TM.PP (SS-S.Ecto-dF-PP-foldon) (SEQ ID 
NO: 56))15, and (vii) wildtype leader sequence with full-length S with mutation of the furin 
cleavage site and proline stabilizing mutations (S.PP (SS-Spike-dF-PP) (SEQ ID NO: 51)) (FIG. 
38a). Western blot analyses confirmed S expression in cell lysates from all vectors (FIG. 38b). 
52 adult rhesus macaques, 6-12 years old, were immunized with Ad26 vectors expressing 
tPA.S (N=4), tPA.S.PP (N=4), S (N=4), S.aCT (SS-SaCT) (N=4), tPA.WT.S (N=4), S.9TM.PP 
(SS-S.Ecto-dF-PP-foldon) (N=6), S.PP (SS-Spike-dF-PP) (N=6), and sham controls (N=20). 
Animals received a single immunization of 1011 viral particles (vp) Ad26 vectors by the 
intramuscular route without adjuvant at week 0. RBD-specific binding antibodies were observed 
by ELISA in 31 of 32 vaccinated animals by week 2 and in all vaccinated animals by week 4 
(FIG. 39a). Neutralizing antibody (NAb) responses were assessed using both a pseudovirus 


neutralization assay%1%16 (FIG. 39b) and a live virus neutralization assay?1017:18 (FIG. 390). NAb 
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titers as measured by both assays were observed in the majority of vaccinated animals at week 
2 and generally increased at week 4. The Ad26-S.PP (Ad26 SS-Spike-dF-PP) vaccine elicited 
the highest pseudovirus NAb titers (median 408; range 208-643) and live virus NAb titers 
(median 113; range 53-233) at week 4. Pseudovirus NAb titers correlated with both ELISA titers 
and live virus NAb titers (P<0.0001, R=0.8314 and P<0.0001, R=0.8427, respectively, two-sided 
Spearman rank-correlation tests; FIG. 45). Median NAb titers in the Ad26-S.PP vaccinated 
macaques were 4-fold higher than median NAb titers in previously reported cohorts of 9 
convalescent macaques? and 27 convalescent humans following recovery from 2019-nCoV 
infection'? (FIG. 46). The Ad26-S.PP vaccine also induced low but detectable S-specific IgG 
and IgA responses in bronchoalveolar lavage (BAL) (FIG. 47). 

S-specific and RBD-specific antibody responses in the vaccinated animals were further 
characterized by systems serology'%. A variety of Fc effector functions, including antibody- 
dependent neutrophil phagocytosis (ADNP), antibody-dependent monocyte cellular 
phagocytosis (ADCP), antibody-dependent complement deposition (ADCD), and antibody- 
dependent NK cell activation (ADNKA), as well as multiple Ig subclasses and FcR binding were 
observed (FIG. 39d, FIG. 48). The highest binding antibody responses were observed with the 
Ad26-tPA.S.PP and Ad26-S.PP vaccines, and the highest effector function responses were 
seen with the Ad26-S.PP vaccine. A principal component analysis showed substantial overlap 
of the vaccine groups, although Ad26-S.PP was the most divergent group (FIG. 39). 

Cellular immune responses were induced in 30 of 32 vaccinated animals at week 4 by IFN-y 
ELISPOT assays using pooled S peptides (FIG. 40a). Multiparameter intracellular cytokine 
staining assays were utilized to assess IFN-y+ CD4+ and CD8+ T cell responses (FIG. 40b). 
Responses were comparable in most vaccine groups, although there was a trend towards lower 
cellular immune responses with the Ad26-S.PP vaccine. IFN-y+ and IL-2+ CD4+ T cell 
responses were higher than IL-4+ and IL-10+ CD4+ T cell responses (FIG. 49) for the Ad26- 
S.dTM.PP (Ad26 SS-S.Ecto-dF-PP-foldon) and Ad26-S.PP vaccines, suggesting induction of 
Th1-biased responses. 

Protective Efficacy of Ad26 Vaccine Candidates 

At week 6, all animals were challenged with 1.2x108% VP (1.1x104 PFU) 2019-nCovV by the 
intranasal (IN) and intratracheal (IT) routes%10. Viral loads in bronchoalveolar lavage (BAL) and 
nasal swabs (NS) were assessed by RT-PCR for subgenomic mRNA (sgmRNA), which is 
believed to measure replicating virus*20. All 20 sham controls were infected and showed a 
median peak of 4.89 (range 3.85-6.51) Iog10 s9gmRNA copies/mL in BAL (FIG. 41a). In contrast, 
animals that received Ad26-S.PP (Ad26 SS-Spike-dF-PP) demonstrated no detectable virus in 
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BAL (limit of quantitation 1.69 logo sSgmRNA copies/mL). Substantial protection was also 
observed with the other vaccines, although occasional animals showed low levels of s9gmRNA in 
BAL (FIG. 41b). Similarly, sham controls showed a median peak of 5.59 (range 3.78-8.01) logo 
S9gmRNA in NS (FIG. 41c). Only one of the animals that received the Ad26-S.PP vaccine 
showed a low amount of virus in NS. The animals that received the other vaccines generally 
demonstrated reduced viral loads in NS compared with controls, although protection was 
optimal with Ad26-S.PP (FIG. 41d). 

A comparison of peak viral loads in the vaccinated animals suggested that protection in BAL 
was generally more robust than in NS (FIG. 42). The Ad26-S.PP vaccine provided complete 
protection in both the lower and upper respiratory tract with the exception of one animal that 
showed a low amount of virus in NS, and resulted in >3.2 and >3.9 logo reductions of median 
peak sgmRNA in BAL and NS, respectively, as compared with sham controls (P<0.0001 and 
P<0.0001, respectively, two-sided Mann-Whitney tests) (FIG. 42). Among the 32 vaccinated 
macaques, 17 animals were completely protected and had no detectable sgmRNA in BAL or NS 
following challenge, and 5 additional animals had no sgmRNA in BAL but showed some virus in 
NS. 

Immune Correlates of Protection 

The size of this study and the variability in outcomes with the different vaccine constructs 
facilitated an immune correlates analysis. The logo ELISA titer, pseudovirus NAb titer, and live 
virus NAb titer at week 2 and week 4 inversely correlated with peak 10910 sgmRNA in both BAL 
(FIG. 43) and NS (FIGS. 50-52). In general, week 4 titers correlated better than week 2 titers, 
and NAb titers correlated better than ELISA titers. The logo pseudovirus NAb titer and live virus 
NAb titer at week 4 inversely correlated with peak 10919 sS9mRNA in BAL (P<0.0001, R=-0.6880 
and P<0.0001, R=-0.6562, respectively, two-sided Spearman rank-correlation test) (FIG. 43b-c) 
and in NS (P<0.0001, R=-0.5839, and P<0.0001, R=-0.5714, respectively, two-sided Spearman 
rank-correlation test) (FIGS. 51 and 52). Together with previously published data“, these 
findings suggest that serum antibody titers may prove a useful immune correlate of protection 
for 2019-nCovV vaccines. By contrast, vaccine-elicited ELISPOT responses, CD4+ ICS 
responses, and CD8+ ICS responses did not correlate with protection. 

To gain further insight into antibody correlates of protection, antibody parameters that 
distinguished completely protected animals (defined as animals with no detectable sgmRNA in 
BAL or NS following challenge) and partially protected or non-protected animals were defined. 
The NAb titer was the parameter most enriched in completely protected animals compared with 


partially protected or non-protected animals (P=0.0009, two-sided Mann-Whitney test), followed 
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by ADNKA (P=0.0044) and ADCP (P=0.0092) responses (FIG. 43d, FIG. 53). Moreover, a 
logistic regression analysis showed that utilizing two features, such as NAb titers and FoyR2A-3, 
IgM, or ADCD responses, improved correlation with protection (FIG. 43d). These data suggest 
that NAbs are primarily responsible for protection against 2019-nCovV but that other binding and 
functional antibodies may also play a role. 

Immune Responses in Vaccinated Animals Following Challenge 

Sham controls and most of the vaccinated animals developed substantially higher pseudovirus 
NAb responses (FIG. 44a, FIG. 54) as well as CD8+ and CD4+ T cell responses (FIG. 44b) by 
day 14 following 2019-nCov challenge. CD8+ and CD4+ T cell responses were directed 
against multiple 2019-nCov proteins, including spike (S1, S2), nucleocapsid (NCAP), and non- 
structural proteins (NS6, NS7a, NS38), in these animals (FIG. 44b). In contrast, animals that 
received the Ad26-S.PP (Ad26 SS-Spike-dF-PP) vaccine did not demonstrate anamnestic NAb 
responses (FIG. 44a) and only showed low T cell responses against spike (S1, S2) (FIG. 44b), 
which was the vaccine antigen, following challenge. These findings are consistent with the 
largely undetectable viral loads in the Ad26-S.PP vaccinated animals (FIGS. 41 and 42) and 
suggest exceedingly low levels of virus replication in these animals, if any at all, following 
challenge. 

Discussion 

The development of a safe and effective 2019-nCov vaccine is a critical global priority. These 
data demonstrate that a single immunization with an Ad26 vector expressing a prefusion 
stabilized S immunogen induced robust NAb responses and provided complete or near- 
complete protection against 2019-nCovV challenge in rhesus macaques. An optimal vaccine 
evaluated in this study was Ad26-S.PP (Ad26 SS-Spike-dF-PP), which contains the wildtype 
leader sequence, the full-length membrane-bound S, mutation of the furin cleavage site, and 
two proline stabilizing mutations"5. 

These data extend recent preclinical studies of inactivated virus vaccines and DNA vaccines for 
2019-nCovV in nonhuman primates1%21. Inactivated virus vaccines, nucleic acid vaccines, and 
protein subunit vaccines typically require two or more immunizations, whereas adenovirus 
vectors can induce robust and durable NAb responses after a single immunization2224. A 
single-shot 2019-nCov vaccine would have important logistic and practical advantages 
compared with a two-dose vaccine for mass vaccination campaigns and pandemic control. 
However, a homologous boost with Ad26-HIV vectors can augment antibody titers by more than 
10-fold in both nonhuman primates and humans252”, suggesting that both single-dose and two- 


dose regimens of the Ad26-S.PP vaccine can be effective approaches. 
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Ad26-S.PP induced robust NAb responses after a single immunization and provided complete 
protection against 2019-nCovV challenge, except for one animal that had low levels of virus in 
NS. Moreover, NAb titers and T cell responses in Ad26-S.PP vaccinated animals did not 
expand following challenge, and T cell responses also did not broaden to non-vaccine antigens, 
such as nucleocapsid and non-structural proteins. In contrast, sham controls and the other 
vaccines generated higher NAb titers and T cell responses to multiple 2019-nCov proteins 
following challenge, consistent with previous observations with DNA vaccines"0. These data 
suggest minimal to no virus replication in the Ad26-S.PP vaccinated animals following 2019- 
nCovV challenge, likely related to the higher NAb responses in these animals. 

Vaccine-elicited NAb titers prior to challenge correlated with protection in both BAL and NS 
following challenge, consistent with previous findings'0. These data suggest that serum NAb 
titers may be a potential biomarker for vaccine protection, although this will need to be 
confirmed in additional 2019-nCov vaccine efficacy studies in both nonhuman primates and 
humans. Moreover, additional functional antibody responses may also contribute to protection, 
such as ADNKA, ADCP, and ADCD responses. The role of T cell responses in vaccine 
protection remains to be determined, and the trend towards lower cellular immune responses 
with Ad26-S.PP as compared with the other vectors will require further investigation. 

The Ad26-S.9TM.PP (Ad26 SS-S.Ecto-dF-PP-foldon) and Ad26-S.PP vaccines elicited Th1- 
biased rather than Th2-biased CD4+ T cell responses, and animals that had sub-protective NAb 
titers did not demonstrate enhanced viral replication or clinical disease. This is evidence 
against the possibility of antibody-dependent enhancement of infection28. 

In summary, these data demonstrate that a single immunization of Ad26 vector-based vaccines 
for 2019-nCovV elicited robust NAb titers and provided complete or near-complete protection 
against 2019-nCovV challenge in rhesus macaques. The identification of a NAb correlate of 
protection confirms the efficacy of these 2019-nCov vaccines for clinical use. An optimal Ad26- 
S.PP vaccine from this study, termed Ad26.CO0V2.5 , is likely to be effective in humans. 
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Example 12. A Single-Dose Vaccine Protects Against 2019-nCovV Severe Clinical Disease 
in Hamsters 

COVID-19 disease in humans_ is often a clinically mild illness, but some individuals develop 
severe pneumonia, respiratory failure, and death'*. Studies of SARS-Cov-2 (2019-nCoV) 
infection in hamsters5” and nonhuman primates8-1 have generally reported mild clinical 
disease, and preclinical SARS-Cov-2 vaccine studies have demonstrated reduction of viral 
replication in the upper and lower respiratory tracts in nonhuman primates"1-13. 

As is discussed below, high-dose intranasal SARS-CovV-2 infection in hamsters results in severe 
clinical disease, including high levels of virus replication in tissues, extensive pneumonia, weight 
loss, and mortality in a subset of animals. A single immunization with an adenovirus serotype 
26 (Ad26) vector-based vaccine expressing a nucleotide (SS-Spike-dF-PP, SEQ ID NO: 204) 
encoding a stabilized SARS-CovV-2 spike (S) protein (SS-Spike-dF-PP, SEQ ID NO: 51) elicited 
binding and neutralizing antibody responses and protected against SARS-CovV-2 induced weight 
loss, pneumonia, and mortality. These data demonstrate vaccine protection against SARS- 
Cov-2 clinical disease. This model should prove useful for preclinical studies of SARS-Cov-2 
vaccines, therapeutics, and pathogenesis. 

Materials and Methods 

Animals and study design. 70 male and female Syrian golden hamsters (Envigo), 10-12 
weeks old were randomly allocated to groups. All animals were housed at Bioqual, Inc. 
(Rockville, MD). Animals received Ad26 vectors expressing a nucleotide (SS-S.Ecto-dF-PP- 
foldon, SEQ ID NO: 195) encoding S.dTM.PP (SS-S.Ecto-dF-PP-foldon, SEQ ID NO: 56) ora 
nucleotide (SS-Spike-dF-PP, SEQ ID NO: 204) encoding S.PP (SS-Spike-dF-PP, SEQ ID NO: 
51) or sham controls (N=10/group). Animals received a single immunization of 1010 or 10% viral 
particles (vp) Ad26 vectors by the intramuscular route without adjuvant at week 0. Atweek 4, all 
animals were challenged with 5.0x105 TCIDso (6x108 VP, 5.5x104 PFU) or 5.0x10+ TCIDso (6x10 
VP, 5.5x10% PFU) SARS-CoV-2, which was derived with 1 passage from USA-WA1/2020 (NR- 
52281; BEI Resources)". Virus was administered as 100 uL by the intranasal (IN) route (50 uL 
in each nare). Body weights were assessed daily. All immunologic and virologic assays were 
performed blinded. On day 4, a subset of animals was euthanized for tissue viral loads and 


pathology. All animal studies were conducted in compliance with all relevant local, state, and 
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federal regulations and were approved by the Bioqual Institutional Animal Care and Use 
Committee (IACUC). 

Ad26 vectors. Ad26 vectors were constructed with two variants of the SARS-Cov-2 spike (S) 
protein sequence (Wuhan/W!V04/2019; Genbank MN996528.1). Sequences were codon 
optimized and synthesized. Replication-incompetent, E1/E3-deleted Ad26-vectors1% were 
produced in PER.C6.TetR cells using a plasmid containing the full Ad26 vector genome and a 
transgene expression cassette. Sham controls included Ad26-Empty vectors. Vectors were 
sequenced and tested for expression prior to use. 

Histopathology and immunohistochemistry. Tissues were fixed in freshly prepared 4% 
paraformaldehyde for 24 h, transferred to 70% ethanol, paraffin embedded within 7-10 days, 
and blocks sectioned at 5 um. Slides were baked for 30-60 min at 65%C then deparaffinized in 
xylene and rehydrated through a series of graded ethanol to distilled water. For SARS-Cov-N, 
Iba-1, and CD3 IHC, heat induced epitope retrieval (HIER) was performed using a pressure 
cooker on steam setting for 25 min in citrate buffer (Thermo; AP-9003-500) followed by 
treatment with 3% hydrogen peroxide. Slides were then rinsed in distilled water and protein 
blocked (BioCare, BE965H) for 15 min followed by rinses in 1x phosphate buffered saline. 
Primary rabbit anti-SARS-CoV-nucleoprotein antibody (Novus; NB100-56576 at 1:500 or 
1:1000), rabbit anti-lba-1 antibody (Wako; 019-19741 at 1:500), or rabbit anti-CD3 (Dako; 
A0452 at 1:300) was applied for 30 minutes followed by rabbit Mach-2 HRP-Polymer (BioCare; 
RHRP520L) for 30 min then counterstained with hematoxylin followed by bluing using 0.25% 
ammonia water. Labeling for SARS-CovV-N, Iba-1, and CD3 were performed on a Biogenex 
6000 Autostainer (v3.02). In some cases, CD3, lba-1, and ACE-2 staining was performed with 
CD3 at 1:400 (Thermo Cat. No. RM-9107-S; clone SP7), lba-1 at 1:500 (BioCare Cat. No. 
CP290A; polyclonal), or ACE-2 (Abcam; ab108252), all of which were detected by using Rabbit 
Polink-1 HRP (GBI Labs Cat. No. D13-110). Neutrophil (MPO) and type 1 IFN response (Mx1) 
was performed with MPO (Dako Cat. No. A0398; polyclonal) at 1:1000 detection using Rabbit 
Polink-1 HRP, and Mx1 (EMD Millipore Cat. No. MABF938; clone M143/CL143) at 1:1000 
detection using Mouse Polink-2 HRP (GBI Labs Cat. No. D37-110). Staining for CD3, lba-1, 
MPO, and Mx1 IHC was performed as previously described using a Biocare intelliPATH 
autostainer, with all antibodies being incubated for 1 h at room temperature. Tissue pathology 
was assessed independently by two veterinary pathologists. 

RNASCOPEB in situ hybridization. RNASCOPEGQ ;n situ hybridization was performed as 
previously described" using SARS-CoV2 anti-sense specific probe v-nCoVv2019-S (ACD Cat. 
No. 848561) targeting the positive-sense viral RNA and SARS-CoY2 sense specific probe v- 
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nCoVv2019-orfl1ab-sense (ACD Cat. No. 859151) targeting the negative-sense genomic viral 
RNA. In brief, after slides were deparaffinized in xylene and rehydrated through a series of 
graded ethanol to distilled water, retrieval was performed for 30 min in ACD P2 retrieval buffer 
(ACD Cat. No. 322000) at 95-98*C, followed by treatment with protease III (ACD Cat. No. 
322337) diluted 1:10 in PBS for 20 min at 40*C. Slides were then incubated with 3% H20O2 in 
PBS for 10 min at room temperature. Prior to hybridization, probes stocks were centrifuged at 
13,000 rpm using a microcentrifuge for 10 min, then diluted 1:2 in probe diluent (ACD Cat. No. 
300041) to reduce probe aggregation tissue artifacts. Slides were developed using the 
RNASCOPEB 2.5 HD Detection Reagents-RED (ACD Cat. No.322360). 

Quantitative image analysis. Quantitative image analysis was performed using HALO 
software (v2.3.2089.27 or v3.0.311.405; Indica Labs) on at least one lung lobe cross section 
from each animal. In cases where >1 cross-section was available, each lung lobe was 
quantified as an individual data point. For SARS-CovV-N the Multiplex IHC v2.3.4 algorithm was 
used with an exclusion screen for acid hematin to determine the percentage of SAR-N protein 
positive cells as a proportion of the total number of cells. For lba-1, the Multiplex IHC v2.3.4 
algorithm was used for quantitation. For SARS-Cov-2 RNASCOPEGQ ISH and MX1 
quantification, the Area Quantification v2.1.3 module was used to determine the percentage of 
total SARS-CoV-2 antisense or sense probe, or Mx1 protein as a proportion of the total tissue 
area. For MPO (neutrophil) and CD3+ cell quantification, slides were annotated to exclude 
blood vessels (>5mm2), bronchi, bronchioles, cartilage, and connective tissue; subsequentiy, 
the Cytonuclear v1.6 module was used to detect MPO+ or CD3+ cells and calculated as a 
proportion of total alveolar tissue (PMNs/mm?), which was determined by running the Area 
Quantification v2.1.3 module. In all instances, manual inspection of all images was performed 
on each sample to ensure the annotations were accurate. 

Subgenomic mRNA assay. SARS-CovV-2 E gene subgenomic mRNA (sgmRNA) was 
assessed by RT-PCR using primers and probes as previously described!0%11:2%. Briefly, total 
RNA was extracted from tissue homogenates from several anatomical sites using a QlAcube 
HT (Qiagen) and RNeasy 96 QlAcube HT Kit (Qiagen). A standard curve was generated using 
the SARS-Cov-2 E gene sgmRNA by cloning into a pcDNA3.1 expression plasmid; this insert 
was transcribed using an AmpliCap-Max T7 High Yield Message Maker Kit (Celiscript). Prior to 
RT-PCR, samples collected from challenged animals or standards were reverse-transcribed 
using Superscript III VILO (Invitrogen) according to the manufacturer's instructions. A Tagman 
custom gene expression assay (ThermoFisher Scientific) was designed using the sequences 


targeting the E gene sgmRNA. Reactions were carried out on QuantStudio 6 and 7 Flex Real- 
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Time PCR Systems (Applied Biosystems) according to the manufacturer's specifications. 
Standard curves were used to calculate sgmRNA copies per gram tissue; the quantitative assay 
sensitivity was 100 copies. 

ELISA. RBD-specific binding antibodies were assessed by ELISA essentially as described!011. 
Briefly, 96-well plates were coated with 1 ug/mL SARS-CoVv-2 RBD protein (Aaron Schmidt, 
MassCPR) or 1 ug/mL SARS-Cov-2 spike (S) protein (Sino Biological) in 1X DPBS and 
incubated at 4*C overnight. After incubation, plates were washed once with wash buffer (0.05% 
Tween20 in 1X DPBS) and blocked with 350 uL casein block/well for 2-3 h at room temperature. 
After incubation, block solution was discarded and plates were blotted dry. Threefold serial 
dilutions of heat-inactivated serum in casein block were added to wells and plates were 
incubated for 1 h at room temperature, plates were washed three times then subsequenily 
incubated for 1 h with 0.1 ug/mL of anti-hamster IgG HRP (Southern Biotech) in casein block, at 
room temperature in the dark. Plates were washed three times, then 100 uL of SERACAREQ 
KPL TMB SUREBLUEE Start solution was added to each well; plate development was halted 
by the addition of 100 uL SERACAREE KPL TMB Stop solution per well. The absorbance at 
450nm was recorded using a VERSAMAX'" or OMEGA microplate reader. ELISA endpoint 
titers were defined as the highest reciprocal serum dilution that yielded an absorbance 2-fold 
above background. 

Pseudovirus neutralization assay. The SARS-CovV-2 pseudoviruses expressing a luciferase 
reporter gene were generated in an approach similar to as described previously101121. Briefly, 
the packaging construct psPAX2 (AIDS Resource and Reagent Program), luciferase reporter 
plasmid pLenti-CMV Puro-Luc (Addgene), and spike protein expressing pcDNA3.1-SARS Cov- 
2 SACT were co-transfected into HEK293T cells by lipofectamine 2000 (ThermoFisher). The 
supernatants containing the pseudotype viruses were collected 48 h post-transfection; 
pseudotype viruses were purified by filtration with 0.45 um filter. To determine the neutralization 
activity of the antisera from vaccinated animals, HEK293T-hACEZ2 cells were seeded in 96-well 
tissue culture plates at a density of 1.75 x 104 cells/well overnight. Three-fold serial dilutions of 
heat inactivated serum samples were prepared and mixed with 50 uL of pseudovirus. The 
mixture was incubated at 37*C for 1 h before adding to HEK293T-hACE2 cells. 48 h after 
infection, cells were lysed in STEADY-GLOB Luciferase Assay (Promega) according to the 
manufacturer's instructions. SARS-CovV-2 neutralization titers were defined as the sample 
dilution at which a 50% reduction in RLU was observed relative to the average of the virus 


control wells. 
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Luminex. In order to detect relative quantity of antigen-specific antibody titers, a customized 
Luminex assay was performed as previously described?5. Hereby, fluorescently labeled 
microspheres (Luminex) were coupled with SARS-Cov-2 antigens including spike protein (S) 
(Eric Fischer, Dana Farber Cancer Institute), S1 and S2 (Sino Biological), as well as Receptor 
Binding Domain (RBD) (Aaron Schmidt, Ragon Institute) via covalent N-hydroxysuccinimide 
(NHS)-ester linkages via EDC (Thermo Scientific) and Sulfo-NHS (Thermo Scientific). 1.2x103 
beads per region and antigen were added to a 384-well plate (Greiner) and incubated with 
diluted serum (1:90 for IgG2a, l9gG3, lgM; 1:500 for total IgG and Fc-receptor binding assays) for 
16 h shaking at 900 rpm at 4*C. Following formation of immune complexes, microspheres were 
washed three times in 0.1% BSA and 0.05% Tween-20 (Luminex assay buffer) using an 
automated plate washer (Tecan). PE-labeled goat anti-mouse IgG, IgG2a, lgG3, and IgM 
detection antibodies (southern biotech) were diluted in Luminex assay buffer to 0.65 ug/mL and 
incubated with beads for 1 h at RT while shaking at 900 rpm. Similariy, for the Fc-receptor 
binding profiles, recombinant mouse FcyR2, FoyR3 and FoyR4 (Duke Protein Production facility) 
were biotinylated (Thermo Scientific) and conjugated to Streptavidin-PE for 10 min prior to 
addition to samples (Southern Biotech). These mouse antibodies and proteins are cross- 
reactive to hamster. The coated beads were then washed and read on a flow cytometer, iQue 
(Intellicyt) with a robot arm attached (PAA). Events were gated on each bead region, median 
fluorescence of PE for of bead positive events was reported. Samples were run in duplicate per 
each secondary detection agent. 

Antibody-dependent complement deposition (ADCD). ADCD assays were performed as 
previously described. Briefly, SARS-CovV-2 S and RBD were biotinylated (Thermo Fisher) and 
coupled to 1um red fluorescent neutravidin-beads (Thermo Fisher) for 2 h at 37*C, excess 
antigen was washed away afterwards. For the formation of immune complexes, 1.82x108 
antigen-coated beads were added to each well of a 96-well round bottom plate and incubated 
with 1:10 diluted samples at 37*C for 2 h. Lyophilized guinea pig complement was reconstituted 
according to manufacturer's instructions (Cedarlane) with water and 4 uL per well were added in 
gelatin veronal buffer containing Mg2+ and Ca2+ (GVB++, Boston BioProducts) to the immune 
complexes for 20 min at 37*C. Immune complexes were washed with 15 mM EDTA in PBS, 
and fluorescein-conjugated goat IgG fraction to guinea pig complement C3 (MpBio) was added. 
sPost staining, samples were fixed with 4% paraformaldehyde (PFA) and sample acquisition 
was performed via flow cytometry (Intellicyt, iQue Screener plus) utilizing a robot arm (PAA). All 
events were gated on single cells and bead positive events, the median of C3 positive events is 


reported. All samples were run in duplicate on separate days. 
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Statistical analysis. Analysis of immunologic, virologic, and body weight data was performed 
using GraphPad Prism 8.4.2 (GraphPad Software). Comparison of data between groups was 
performed using two-sided Mann-Whitney tests. Mortality was assessed by two-sided Fisher's 
exact tests. Correlations were assessed by two-sided Spearman rank-correlation tests. P- 
values of less than 0.05 were considered significant. All systems serology data were 10910 
transformed. For the radar plots, each antibody feature was normalized such that its minimal 
value is O and the maximal value is 1 across groups before using the median within a group. A 
principal component analysis (PCA) was constructed using the R package 'ropls' to compare 
multivariate profiles. For the visualization in the heatmap, the differences in the means of the 
S.dTM.PP and S.PP groups of z-scored features were shown. To indicate significances in the 
heatmaps, a Benjamini-Hochberg correction was used to correct for multiple comparisons within 
a row. 

Results and Discussion 

SARS-Cov-2 can infect nonhuman primates*-10, hamsters*”, ferrets1416, nACE2 transgenic 
mice'”:18, and other species“, but clinical disease in these models has generally been mild. A 
severe pneumonia model would be useful for preclinical evaluation of SARS-CovV-2 vaccines 
and other countermeasures, since SARS-CovV-2 infection in humans can lead to severe clinical 
disease, respiratory failure, and mortality!'%. The clinical and virologic characteristics of high- 
dose SARS-Cov-2 infection in hamsters was assessed and the protective efficacy of an Ad26 
vector-based vaccine'* encoding a stabilized SARS-Cov-2 spike (S) was evaluated in this 
stringent model. 

20 Syrian golden hamsters (10-12 weeks old) were inoculated with 5x104 TCIDso (N=4; low- 
dose) or 5x105 TCIDso (N=16; high-dose) SARS-CoV-2 by the intranasal route. In the high-dose 
group, 4 animals were necropsied on day 2, and 4 animals were necropsied on day 4 for tissue 
viral loads and histopathology, and the remaining 8 animals were followed longitudinally. All 
remaining animals were necropsied on day 14. In the low-dose group, hamsters lost a median 
of 14.7% of body weight by day 6 but fully recovered by day 14 (FIGS. 55A-B), consistent with 
previous studies5. In the high-dose group, hamsters lost a median of 19.9% of body weight by 
day 6. Of the 8 animals in this group that were followed longitudinally, 4 met IACUC humane 
euthanasia criteria of >20% weight loss and respiratory distress on day 6, and 2 additional 
animals met these criteria on day 7. The remaining 2 animals recovered by day 14. These data 
demonstrate that high-dose SARS-Cov-2 infection in hamsters led to severe weight loss and 


partial mortality. 
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Tissue viral loads were assessed in the 4 animals that received high-dose SARS-Cov-2 and 
were necropsied on day 2, the 4 animals that were necropsied on day 4, and 5 of 6 of the 
animals that met euthanasia criteria on day 6-7 (FIG. 55C). High median tissue viral loads on 
day 2 of 1012 RNA copies/g in lung tissue and 1085-10 RNA copies/g in nares and trachea were 
observed, with a median of 105-108 RNA copies/g in heart, gastrointestinal tract, brain, spleen, 
liver, and kidney, indicative of disseminated infection. By day 6-7, tissue viral loads were 
approximately 2 logs lower, despite continued weight loss. 

Hamsters infected with high-dose SARS-CovV-2 were assessed by histopathology on days 2 
(N=4), 4 (N=4), 6-7 (N=6), and 14 (N=2). Infection was associated with marked inflammatory 
infiltrates and multifocal epithelial necrosis of the nasal turbinate (FIG. 56A) and bronchiolar 
epithelium, resulting in degenerative neutrophils and cellular debris in the lumen (FIG. 56B). 
The endothelium of nearby vessels was reactive with adherence of mononuclear cells to the 
endothelium and transmigrating within vessel walls, indicative of endothelialitis (FIG. 56B). 
There was moderate to severe multifocal interstitial pneumonia characterized by pulmonary 
consolidation affecting 30-60% of the lung parenchyma as early as day 2 following SARS-Cov-2 
infection (FIG. 56C). Inflammatory infiltrates consisted of massive numbers of macrophages 
and neutrophils with fewer lymphocytes. The nasal turbinate epithelium (FIG. 56D) and 
bronchiolar epithelial cells (FIG. 56E) were strongly positive for SARS nucleocapsid protein 
(SARS-CovV-N) by immunohistochemistry (IHC) in regions of inflammation and necrosis. SARS- 
CoV-N IHC also showed locally extensive staining of the alveolar septa and interstitial 
mononuclear cells morphologically consistent with macrophages (FIG. 56F). Similarly, 
substantial SARS-Cov-2 viral RNA (vRNA) was observed in the bronchiolar epithelium and the 
pulmonary interstitium in regions of inflammation (FIG. 56G-H). 

Levels of both SARS-Cov-2 vRNA and SARS-CovV-N protein expression in lung were highest 
on day 2 and diminished by day 4, with minimal vRNA and SARS-CovV-N protein detected by 
day 7 (FIGS. 57A-57B). The pneumonia was characterized by large inflammatory infiltrates of 
Iba-1+ macrophages in the lung interstitium as well as CD3+ T lymphocytes (FIGS. 561-56J). 
Numerous viable and degenerative neutrophils were detected throughout the lung, especially in 
regions of necrosis, with high expression of neutrophil myeloperoxidase (MPO) throughout the 
lung (FIG. 56K). Diffuse expression of the interferon inducible gene product, MX1, was also 
detected in the lung (FIG. 56L). In contrast with the kinetics of SARS-CovV-2 vRNA and SARS- 
CoV-N detection, which peaked on day 2, these markers of inflammation peaked on day 7 
(FIGS. 57C-57F), coincident with maximal weight loss and mortality (FIGS. 55A-55B). 
Detection of vRNA in the lung by RNASCOPEGQ did not simply reflect the viral inoculum, as not 
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only negative anti-sense vRNA (FIGS. 58A-58E) was detected but also positive-sense vRNA 
(FIGS. 58F-58J), which overlapped in location and pattern, from day 2 to day 7 post challenge. 
SARS-CovV-2 vRNA expression (both anti-sense and sense) was present in lung with robust 
ACEZ receptor expression (FIGS. 58K-580). 

Systemic vRNA was also detected in distal tissues, including the brain stem, gastrointestinal 
tract, and myocardium (FIGS. 59A-59F). Prominent endothelialitis and perivascular 
inflammation with macrophages and lymphocytes was observed in these tissues, despite 
minimal SARS-CovV-N staining (FIGS. 59G-59J). Focal lymphocytic myocarditis was noted in 
one animal and corresponded to the presence of vRNA (FIGS. 59K-59L). Other sites of virus 
detection included peripheral blood mononuclear cells in thrombi in lung (FIGS. 60A-60C) and 
bone marrow of the nasal turbinate (FIGS. 60D-60F). 

Recombinant, replication-incompetent Ad26 vectors were produced that encode (i) SARS-Cov- 
2 spike (S) with deletion of the transmembrane region and cytoplasmic tail reflecting the soluble 
ectodomain with a foldon trimerization domain (S.4TM.PP (SS-S.Ecto-dF-PP-foldon) or (ii) full- 
length S (S.PP (Ad26 SS-Spike-dF-PP)), both with mutation of the furin cleavage site and two 
proline stabilizing mutations? (FIG. 614). The immunogenicity and protective efficacy of these 
vaccines against SARS-Cov-2 challenge in rhesus macaques were recently reportedt?. 

50 Syrian golden hamsters were immunized with 1010 or 10% viral particles (vp) Ad26 vectors 
encoding S.dTM.PP or S.PP (N=10/group) or sham controls (N=10). Animals received a single 
vaccination by the intramuscular route at week 0. Receptor binding domain (RBD)-specific 
binding antibodies were observed by ELISA'011 (FIG. 61B) and neutralizing antibodies (NAbs) 
were observed by a pseudovirus neutralization assay10:1121 (FIG. 61C) in all animals at week 2 
and week 4. At week 4, Ad26-S.PP elicited 4.0-4.7 fold higher median ELISA titers (4470, 
4757) compared with Ad26-S.9TM.PP (Ad26 SS-S.Ecto-dF-PP-foldon) (1014, 1185) (FIG. 61B; 
P<0.0001, two-sided Mann-Whitney tests). Similarly, Ad26-S.PP elicited 1.8-2.6 fold higher 
median NAb IC50 titers (359, 375) compared with Ad26-S.dTM.PP (139, 211) (P<0.05, two- 
sided Mann-Whitney tests). For each vector, the two doses tested appeared comparable. 
ELISA and NAb data were correlated at both week 2 and week 4 (R=0.7074, P<0.0001 and 
R=0.7849, P<0.0001, respectively, two-sided Spearman rank-correlation tests; FIG. 624). 
S-specific and RBD-specific antibody responses were characterized in the vaccinated animals 
at week 4 by systems serology?2. IgG, lgG2a, IgG3, IgM, Fc-receptors FcRy2, FcRy3, and 
FcRy4, and antibody-dependent complement deposition (ADCD) responses were assessed 


(FIGS. 61D-F). Higher and more consistent responses were observed with Ad26-S.PP 
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compared with Ad26.S.d9TM.PP (FIGS. 61D, 61F), and a principal component analysis of these 
antibody features confirmed that these two vaccines had distinct profiles (FIG. 61E). 

At week 4, all animals were challenged with 5x105 TCIDso SARS-CovV-2 by the intranasal route. 
Three animals in each group were necropsied on day 4 for tissue viral loads and histopathology, 
and the remaining 7 animals in each group were followed until day 14. In the sham controls, 
hamsters lost a median of 19.6% of body weight by day 7, and 43% (3 of 7) of the animals that 
were followed longitudinally met euthanasia criteria on day 6-7 (FIGS. 63A-63B). The Ad26- 
S.dTM.PP vaccinated animals lost a median of 8.7% body weight, and the Ad26-S.PP 
vaccinated animals lost a median of 4.0% body weight (FIGS. 63A-63B). Maximum percent 
weight loss was marked.ly lower in both vaccinated groups compared with sham controls 
(P<0.0001, two-sided Mann-Whitney tests; FIG. 63C), and animals that received Ad26-S.PP 
showed less weight loss than animals that received Ad26.S.9TM.PP (P<0.0001, two-sided 
Mann-Whitney tests; FIG. 63C). Both vaccines protected against mortality, defined as meeting 
humane euthanization criteria, as compared with sham controls (P=0.02, two-sided Fisher's 
exact tests; FIG. 62B). A combined analysis of the two hamster experiments confirmed that 
both vaccines effectively protected against mortality (P=0.007, two-sided Fisher's exact tests; 
FIG. 62C). ELISA responses at week 2 (R=-0.8992, P<0.0001) and week 4 (R=-0.9344, 
P<0.0001) correlated inversely with maximum percent weight loss (FIG. 64A). NAb responses 
at week 2 (R=-0.7380, P<0.0001) and week 4 (R=-0.8075, P<0.0001) also correlated inversely 
with maximum percent weight loss (FIG. 64B). 

Tissue viral loads were assessed in the subset of animals necropsied on day 4 and in the 
remaining surviving animals on day 14. On day 4 following high-dose SARS-Cov-2 challenge, 
virus was detected in tissues in all animals by subgenomic RNA RT-PCR, which is believed to 
measure replicating virus1%2 (FIG. 65A). Median viral loads in lung tissue were approximately 
1012 RNA copies/g in the sham controls compared with 10% RNA copies/g in the Ad26- 
S.dTM.PP vaccinated animals and 10% RNA copies/g in the Ad26-S.PP vaccinated animals. By 
day 14, virus was still detected in lung and nares of the surviving sham controls, but was 
observed in only a minority of Ad26-S.dTM.PP vaccinated animals and in none of the Ad26- 
S.PP vaccinated animals (FIG. 65B). 

ELISA responses at week 2 (R=-0.8133, P=0.0004) and week 4 (R=-0.9288, P<0.0001) 
correlated inversely with lung viral loads at day 4 (FIG. 66A), and NAb responses at week 2 
(R=-0.7469, P=0.0020) and week 4 (R=-0.6004, P=0.0199) correlated inversely with lung viral 
loads at day 4 (FIG. 66B). ELISA and NAb responses also correlated inversely with viral loads 


in nasal turbinates (FIGS. 66c, d). A deeper analysis of immune correlates revealed that 
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multiple antibody characteristics correlated inversely with weight loss and tissue viral loads 
(FIG. 67A). 

Vaccinated animals also demonstrated diminished pathology compared with sham controls on 
day 4 following challenge (FIG. 68). Ad26-S.PP vaccinated animals demonstrated minimal to 
no evidence of viral interstitial pneumonia, disruption of the bronchiolar epithelium, or 
peribronchiolar aggregates of CD3+ T lymphocytes and macrophages. Histiocytic and 
neutrophilic inflammatory infiltrates were markedly reduced in all lung lobes with significantiy 
reduced SARS-CoV-2 vRNA in Ad26-S.9TM.PP and Ad26-S.PP vaccinated hamsters 
compared with sham controls (P=0.004 and P=0.004, respectively, two-sided Mann-Whitney 
tests; FIG. 63D). 

The surviving sham controls developed potent binding and neutralizing antibody responses by 
day 14 following challenge (FIG. 67B). Vaccinated animals also demonstrated higher ELISA 
and NAb responses following challenge (FIG. 67B), consistent with tissue viral loads showing 
low and transient levels of virus replication in these animals following high-dose SARS-Cov-2 
challenge. 

In this study, a single immunization of an Ad26 vector encoding a full-length prefusion stabilized 
S immunogen (S.PP) was demonstrated to protect against severe clinical disease following 
high-dose SARS-Cov-2 challenge in hamsters. Sham controls demonstrated marked weight 
loss, severe pneumonia, and partial mortality. In contrast, vaccinated animals showed minimal 
weight loss and pneumonia and no mortality. Vaccine-elicited binding and neutralizing antibody 
responses correlated with protection against clinical disease as well as reduced virus replication 
in the upper and lower respiratory tract. 

This severity of clinical disease in this model contrasts with prior studies involving SARS-Cov-2 
infection in hamsters57 and other species8-1914-18. Hamsters are a permissive model for SARS- 
CoV-2 as a result of their homology to the human ACEZ receptor, and transmission among 
hamsters has been reported. The high challenge dose resulted in extensive clinical disease in 
the present study, although biologic factors that may influence the extent of clinical disease, 
such as animal age, animal origin, and challenge stock, remain to be studied rigorously. 
SARS-CovV-2 vaccine studies in nonhuman primates have to date demonstrated protection 
against infection or reduction of viral replication in the upper and lower respiratory tracts1112. A 
single immunization of Ad26-S.PP was recently reported to provide complete or near-complete 
protection against SARS-Cov-2 challenge in rhesus macaquest5. However, SARS-Cov-2 
infection in nonhuman primates does not result in severe clinical disease or mortality810. A 


severe disease model would be useful to complement current nonhuman primate challenge 
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models, since protection against viral replication does not necessarily imply protection against 
severe disease. Indeed, in the histopathologic analysis of hamsters in the present study, viral 
loads in lung decreased from day 2 to day 7, whereas inflammatory markers continued to 
escalate during this time period and correlated with continued weight loss. These data suggest 
that progressive clinical disease in hamsters is primarily an inflammatory process, which is 
triggered by infection but continued to increase even when viral replication decreased. 
Because COVID-19 in humans can progress to severe clinical disease, it is important to test 
SARS-CovV-2 vaccine candidates in preclinical models that recapitulate severe clinical disease, 
including fulminant pneumonia and mortality. The high-dose hamster model described herein 
achieves many of these criteria and therefore represents a useful model for human disease and 
treatment, in particular with regard to the pathogenesis of severe disease. The primary 
manifestation of clinical disease in this model was severe pneumonia, rather than encephalitis 
that has been reported in certain hACEZ2 transgenic mouse models24. Moreover, binding and 
neutralizing antibody responses correlated with protection. 

In summary, these data demonstrate that a single immunization of Ad26-S.PP provides robust 
protection against severe clinical disease following high-dose SARS-Cov-2 infection in an 
animal model that closely resembles disease development and progression in humans. Such 
vaccine protection against severe SARS-CovV-2 pneumonia and mortality has not previously 
been reported. Ad26-S.PP, which is also termed Ad26.COV2.S$, is currently being evaluated in 
clinical trials. This hamster severe disease model can also be used for testing of SARS-Cov-2 
vaccines, therapeutics, and other countermeasures. 
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Example 13. Antigen designs 

Several antigens based on the sequence of the full-length Wuhan-Cov S protein were 
designed, a few of which are schematically shown in FIG. 69. All sequences were based on the 
SARS-Cov-2 Spike full-length protein (YP_009724390.1 — SEQ ID NO: 29). 

For the different antigens, different signal peptide/leader sequences were used, such as the 
natural wild-type signal peptide in COR200006, 200007 and 200008), a tPA signal peptide 
(COR200009, 200010 and 200011) or a chimeric leader sequence (COR200018). 

In addition, some of the constructs contained the wild type Furin cleavage site (wt), (i.e., 
200006, 200009 and 200018) and in some constructs (i.e., 200007, 200008, 200010 and 
200011) the furin cleavage site was removed by changing the Furin site amino acid sequence 
RRAR (wt) (SEQ ID NO: 90 and 224) to SRAG (dFur) (SEQ ID NO: 225), i.e., by introducing a 
R682S and a R685G mutation (wherein the numbering of the amino acid positions is according 
to the numbering in the amino acid sequence YP_009724390 — SEQ ID NO: 29) to optimize 
stability and expression. 

In some of the constructs, stabilizing (proline) mutations in the hinge loop at positions 986 and 
987 were introduced to optimize stability and expression, in particular, COR20007, 20008, 
200010 and 200011 comprise the K986P and V987P mutations (wherein the numbering of the 
amino acid positions is according to the numbering in the amino acid sequence YP_009724390 
— SEQ ID NO: 29). 
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Finally, in constructs 200008 and 200011, the ER retention signal was deleted to optimize 
trafficking and expression, i.e., by removing the last 5 amino acids KLHYT (SEQ ID NO: 226). 
Expression and antigenicity of several SARS-CoV-2 immunogen designs, including 
COR200010, 200011 and 200018 were tested in Cell-based Elisa (CBE) and fluorescence 
activated cell sorting (FACS) experiments. 

For the CBE, HEK293 cells were seeded to 100% confluency on black-walled Poly-D-lysine 
coated microplates on day 1. The cells were transfected with plasmids using lipofectamine on 
day 2, and the cell-based ELISA was performed on day 4 at 4*C. No fixation step was used. BM 
Chemiluminescence ELISA substrate (Roche) was used to detect secondary antibody. The 
Ensight machine was used to measure the cell confluencies and luminescence intensities. 
Several SARS-CovV antibodies that cross-react with SARS-Cov-2 S protein were used. The 
antibody CR3022 (disclosed in WO06/051091) is known to be neutralizing SARS-CovV with low 
potency (Ter Meulen et al. (2006), PLOS Medicine). It does not neutralize SARS-CovV-2. It binds 
only when at least two receptor binding regions (RBDs) are in the up position (Yuan et al., 
Science. 2020 Apr 3. pii: eabb7269. doi: 10.1126/science.abb7269. [Epub ahead of print]; Joyce 
et al. doi: https://doi.org/10.1101/2020.03.15.992883). CR3015 (disclosed in WO2005/012360) 
is known to be non-neutralizing SARS-CovV. CR3023, CR3046, CR3050, CR3054 and CR3055 
are also considered to be non-neutralizing antibodies. The results are shown in FIG. 70. 

As shown, COR200010 had the highest neutralizing:non-neutralizing Ab binding ratio, which 
reflects favorable antigenicity and correct native folding of the S protein and thus may indicate 
that the protein is predominantly in the pre-fusion-like state. Based on these data and the FACS 
data (see FIG. 71) COR200011 was deselected and not tested further. In addition, COR200008 
was deselected (data not shown). 

In addition, 6-8 week old Balb/C mice were intramusculariy immunized with 100 meg of the 
respective DNA construct or phosphate buffered saline as control. Serum SARS-CovV-2 Spike- 
specific antibody titers were determined on day 19 after immunization by ELISA using a 
recombinant soluble stabilized Spike target antigen. The Furin site knock out (KO) and proline 
mutations (PP) increased the immunogenicity (ELISA on Furin KO+PP.-S protein, see FIG. 72) 
Furthermore, the removal of the ER retention signal (4ERRS) decreased CR3022 binding in 
CBE and reduced the immunogenicity. 

Based on the CR3022:CR3015 binding ratios in CBE (together with the COR200011 data in 
FACS), the expression levels on W/B (data not shown), the ELISA titers (as compared to 
COR200009, COR200010 and COR200011) after mouse DNA immunization (data not shown), 
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and neutralization seen with COR200010 DNA, COR2000010 appeared the best antigen 
construct and was selected as antigen for adenovector construction. 

Since, for membrane bound S protein the, a tPA signal peptide (ST) appeared to have no 
beneficial effect (based on CR3022 binding) when compared to wt SP in unstabilized versions, 
COR200007 was selected as well for adenovector construction. 

FIG. 73 shows that COR200007 binds better to ACE2 than COR200010. 


EXAMPLE 14: Cloning SARS-CovV-2 vectors into Ad26 
Several different inserts, as described in Example 13, were designed for Ad26 based on the S 
protein of SARS-CoV-2 sequence (whole genome sequence NC_045512). The inserts were the 
membrane anchored versions COR20007, COR20008, COR20009, COR200010, COR200011 
and COR200018. 

Cloning of SARS-Cov2 Spike protein consists out of 2 distinct steps: 
1: Design and cloning of SARS-CoV2 Spike protein into a shuttle expression vector 
This vector comprises a human Cytomegalovirus (hCMV) promoter that carries two tetracycline 
operator (tetO) sequences within the hCMV promoter and a SV40 poly Adenylation signal. The 
expression vector is used for in vitro and in vivo experiments and for the generation of an Ad26- 
virus carrying the SARS-Cov2 Spike protein. 
2: Cloning of the expression vector into the Ad26 virus 
Design and cloning of SARS-Cov2 Spike protein designs into a shuttle expression vector 
As described in Example 13, based on wt SARS-CoV2 Spike protein (ref, YP_009724390 — 
SEQ ID NO: 29) several constructs based on full length SARS-CovV-spike protein were designed 
(named COR20007, COR20008, COR 20009, COR 200010, COR200011 and COR200018), 
whereein different signal peptide's, Furin cleavage site removal, stabilizing mutations and 


variations in the transmembrane region were introduced (see table) 


Description/modification SEQ_ID NO 


Signal Furine Trans 
Plasmid name Insert name | peptide cleavage | Stabilization membrane Protein DNA* 
pUC_CMVdel134T0_COR20007 COR20007 dFur 205 211 
pUC_CMVdel134T0_COR20008 COR20008 | wt 212 
pUC_CMVdel134T0_COR20009 tPA 213 
pUC_CMVdel134T0_COR200010 | COR200010 | tPA 214 
pUC_CMVdel134T0_COR200011 tPA 215 


pUC_CMVdel134T0_COR200018 | COR200018 | tPA+wt wt wt WM 210 216 
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*Note: nt sequences encode the coding sequences only; i.e. do not include the additionally 
added 5'- and 3- segquences which are described below. 

These protein sequences where reverse translated using most frequent human codon usage 
(CLC-main workbench; Qiagen) corrected for the GC content, cryptic splice sites, SD 
sequences, TATA boxes and termination signals, using open source bioinformatic tools 
(GeneOptimizer; GeneArt, Splice site and promoter prediction; fruitfly.org). Next the codon 
usage was harmonized between the different designs and nucleotides were added to the 5'-end 
comprising an overlap with the shuttle vector, an Hindlll restriction site and a Kozak sequence 
(CGGCCGGGAACGGTGCATTGGAAGCTTGCCACC (SEQ ID NO: 220) and to the 3-end a 
double stop codon, Xbal restriction site and overlap sequence with the shutile expression vector 
(TGATAATCTAGACGAGATCCGAACTTGTTTATTG (SEQ ID NO: 221) was added. Two DNA 
fragments (gBlocks provided by Integrated DNA Technologies, IDT) coding part of the SARS- 
CoV2 Spike protein sequences were then assembled into their Hindill + Xbal linearized target 
vector (ID 7346_pUC_E1-CMVdel134TO-stuffer, SEQ ID NO: 13) by Gibson assembly 
(NEBuilder? HiFi DNA Assembly Master Mix, NEB, Cat E2621), as schematically depicted in 
FIG. 74. This resulted in expression vectors encoding the antigen constructs COR20009, 
COR200010, COR200011 and COR200018. 

FIG. 74 shows a schematic overview of the cloning of a functional expressing SARS-Cov-2 
Spike protein. Two DNA fragments of approximately 2 kb (gBlocks; IDT) coding the SARS-Cov- 
2 spike protein overlap with each other and overlap both the 5'- and 3-ends which allows an in 
vitro assembly (IVA) of both DNA fragmenits into the linearized vector (as was described by 
Gibson et al; (2009) Nat Methods 6(5):345-345). 

For the construction of COR20007 and COR20008 expression vectors, the vector pUC- 
CMVdel134T0_COR200010 respectively CMVdel134_COR200011 were used as templates for 
site directed mutagenesis approach to replace the tPA leader for wt Spike leader. Hereto a site 
directed PCR was performed using Q5-ste directed Mutagenesis kit (NEB; E0554S) according 
to manufacturer's protocol. With primers 7_fw (gctecccctegtetecagtcAATGCGTGAACCTGACC 
(SEQ ID NO: 222) and 8_Rv (agtaccagaaacacgaacatGGTGGCAAGCTTCCAATG (SEQ ID NO: 
223) and PCR program denature 30 seconds at 98*C, followed by 25 cycles 98*C for 20 
seconds, melting at 64*C for 20 seconds and elongation at 72C for 2 minutes. The resulting 
amplicons were isolated from gel and treated with the KLD mixture according to manufacturer's 
protocol resulting in COR20007 and COR20008 expression vector. 
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The shuttle expression constructs were used for in vitro and in vivo assays (e.g., as described in 
Example 13) and for the generation of Ad26 Vector Genome Plasmid carrying the SARS-Cov-2 
Spike sequences, as described below. 

Generation of Ad26 Vector Genome Plasmid pAd26.dE1.dE3.5orf6 

pPAd26.dE1.dE3.5orf6 is a plasmid containing a full-length Ad26 vector genome that carries an 
E1 deletion, an E3 deletion, and a replacement of Ad26 E4 orf6 by that of Ad5, as described for 
previously generated Ad26-based vectors (Abbink et al., (2007); J Virol, 81(9),4654-4663). The 
plasmid backbone of pAd26.dE1.dE3.5orf6 comprises a pMB1 origin of replication and an 
ampicillin resistance gene, and is derived from pBR322 (GenBank accession J01749.1). 
pAd26.dE1.dE3.5orf6 further contains a unique AsiSI restriction site in place of the E1 deletion 
of the vector genome. These sites can be used to insert transgene cassettes from the shuttle 
vector (pShuttle_E1.CMVadel134T0O; SEQ ID NO: 217) at the respective locations. Finally, the 
adenovirus vector genome within pAd26.dE1.dE3.5orf6 is flanked at each of its termini by a 
Swal restriction site, allowing for its release from the plasmid backbone by Swal digestion. 
Generation of Ad26 Vector Genome Plasmids Carrying the SARS-Cov-2 spike sequences 
Plasmid pShuttle_E1.CMVadel134T0 expression vector is carrying a human cytomegalovirus 
(NCMV) promoter that carries two tetracycline operator (tetO) sequences within the hCMV 
promoter and a SV40 poly Adenylation signal. Furthermore this vector contain both up and 
downstream of the transgene cassette a Sapl restriction site flanked by 20Ont that are 
homologous to the receiving Ad26 vector (ID6598_pAd26.dE1.dE3.5orf6; SEQ ID NO: 218), 
which allow In Vitro Assembly (Gibson; 2009, supra) of the transgene cassette into the Ad26 
vector. 

FIG. 75 shows a schematic overview of the cloning of the shuttle vector expressing SARS-Cov- 
2 Spike protein into the E1 region of the Ad26 vector. The Ad26 vector is linearized with 
restriction enzyme AsiSl. The shuttle vector is digested with Sapl to separate the expression 
casset from it's backbone. The expression cassette contains sequences that are homologous to 
the sequences flanking the AsiSI site in the Ad26 backbone which allows an in vitro assembly 
(IVA) of both DNA fragments (as was described by Gibson et al; 2009) 

To do so the pShuttle_E1.CMVdel134T0O expression vectors carrying the SARS-Cov-2 Spike 
sequences were digested with Sapl and expression cassette was isolated from gel in in vitro 
assembled ( NEBulilderf HiFi DNA Assembly Master Mix, NEB, Cat E2621) into the AsiSI 
linearized Ad26 Vector (ID6598_pAd26.dE1.dE3.5orf6; SEQ ID NO: 218). This resulted in Ad26 
vectors carrying the SARS-Cov-2 spike variants; pAd26.E1.CMVdel134-TO0.C0R20007, 
pAd26.E1.CMVdel134-T0.C0R20008, pAd26.E1.CMVadel134-T0.C0R20009, 
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pAd26.E1.CMVdel134-T0.C0R200010, pAd26.E1.CMVdel134-T0.C0R200011 and 
pAd26.E1.CMVdel134-T0.C0R200018. 

Recombinant Ad26 vector generation 

Ad26 vectors containing the SARS-CoV2 insert were generated by transfection of full-genome 
plasmids into E1-complementing suspension PER.C6 TetR (sPER.C6 TetR) cells using 
standard operation procedures. Prior to transfection into sPER.C6 TetR, which were grown in 
Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum 
(FBS) and 10mM MgClkin PLL coated plates, the Ad vector plasmid was digested with Swal to 
release the adenoviral vector genome from the plasmid. The transfections were performed 
according to standard procedures using Lipofectamine transfection reagent (Invitrogen: 
Carlsbad, CA). After harvesting of the viral rescue transfections, the viruses were further 
amplified by several successive infection rounds on sPER.C6 TetR cells, cultured in Permexcis 
medium. The viruses were purified from crude viral harvests using a two-step cesium chloride 
(CsCI) density gradient ultracentrifigation procedure as described before (Havenga et al., “Novel 
replication-incompetent adenoviral B-group vectors: high vector stability and yield in PER.C6 
cells,” J.Gen.Virol. 87(8):2135-43 (2006)). Viral particle (VP) titers were measured by a 
spectrophotometry-based procedure described previously (Maizel et al., “The polypeptides of 
adenovirus: |. Evidence for multiple protein components in the virion and a comparison of types 
2, 7A, and 12, Virology, 36(1):115-25 (1968)). 

EXAMPLE 15: Humoral Immunogenicity in Mice 

BALB/c mice were immunized intramusculariy (IM) with a single dose of 108, 10% or 10'0vp 
Ad26COVS1 (N=10 per dose level). It is noted that the designations Ad26NCOVO30 and 
Ad26COVS1 are used for the same construct and are used interchangeably. The negative 
control group received 101 vp Ad26 vector with no transgene (Ad26.Empty, N=5). The 
Ad26NCOVO06 vector, which encodes the native full-length S protein without the stabilizing 
mutations, allowed a comparison with Ad26COVS1 to assess the benefit of the stabilizing 
mutations. One group (Group 1, N=5) received 107 vp Ad26NCOVO06 for the purpose of serum 
generation and the results from this group are not presented. Serum was taken at Week 2 and 
Week 4 post immunization to measure the S protein binding antibody response and the SARS- 
CoV-2 neutralizing antibody response. S protein binding antibody titers were measured by 
ELISA. 

S protein binding antibody response 

A single immunization with Ad26COVS1 led to a dose level-dependent induction of S protein 


binding antibodies, with high antibody titers already 2 weeks post immunization (FIG. 76A). 
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Compared with the Ad26NCOVO06 vector encoding the S protein without stabilizing mutations, 
Ad26COVS1 induced significantiy higher binding antibody titers at the Week 2 and Week 4 time 
points. The median response per group is indicated with a horizontal line. The dotted line 
indicates the LLOD. 

Neutralizing antibody response 

Serum samples from mice receiving 1010 vp Ad26COVS1 were used to determine the presence 
of neutralizing antibodies. Neutralizing antibody titers were measured by wtVNA determining the 
cytopathic effect (CPE) of virus isolate Leiden1 (L-001) on Vero E6 cells. The median response 
per group is indicated with a horizontal line. The dotted line indicates the LLOD. Animals with a 
response at or below the LLOD are shown as open symbols. A single immunization with 
Ad26COVS1 led to the induction of SARS-Cov-2 neutralizing antibodies as early as 2 weeks 
after immunization (FIG. 77). Median wtVNA neutralizing antibody titers induced by 
Ad26COVS1 increased by 4-fold to 64 (titer range: 22.6-90.5) from Week 2 to Week 4. 
Compared with Ad26NCOVO06, Ad26COVS1 induced significantly higher neutralizing antibody 
titers at Week 4. 

EXAMPLE 16: Polarization of the Immune Response in Mice 

This experiment was conducted to determine the Th1/Th2 balance induced by 2 Ad26-based 
SARS-CovV-2 vectors, including Ad26COVS1. This is an indirect measure for the theoretical risk 
of vaccine-associated disease enhancement. BALB/c mice (prone toward generating Th2-type 
responses) were immunized IM with a single dose of 1010 vp Ad26COVS1 (N=6). A control 
group received 50 ug recombinant stabilized S protein adjuvanted with 100 ug aluminum 
phosphate (AIPO4; Adju-Phos8), which is generally known to induce a Th2 biased immune 
response (N=6). The negative control group received 100 ug AIPO, adjuvant only (N=3). 
Spleens and sera were taken at Week 2 post immunization to measure cellular and humoral 
immune responses. 

S protein specific cellular cytokine responses 

To measure cytokine production, splenocytes were stimulated ex vivo with wild-type S protein 
peptide pools. On Day 13 after immunization mice were sacrificed, spleens were processed into 
single cell suspension, and splenocytes were stimulated ex vivo with 2 peptide pools of 15-mer 
peptides overlapping by 11 amino acids covering the complete wild-type SARS-Cov-2 S protein 
sequence. The sum of SFU from stimulation with peptide pools 1 and 2 is shown. IFN-y 
production by splenocytes was measured by ELISpot after 18 hours of peptide stimulation. 
Cellular immune responses were determined by IFN-y ELISpot, ICS, and Multiplex ELISA (using 


a 10-plex meso scale discovery [MSD] pro-inflammatory panel [mouse] kit). 
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A single dose of Ad26COVS1 led to substantial secretion of IFN- y measured by ELISpot, while 
recombinant S protein adjuvanted with AIPO4 induced an undetectable or low cellular immune 
response (FIG. 78). These results were confirmed by ICS with CD8+ T cells (data not shown). 
On Day 13 after immunization mice were sacrificed, spleens were processed into single cell 
suspension. Splenocytes were stimulated ex vivo for 48 hours with 2 peptide pools of 15-mers 
peptides overlapping by 11 amino acids covering the complete wild-type SARS-Cov-2 S protein 
sequence. Results shown are the ratios of the sums of pool 1 stimulations and pool 2 
stimulations. Cytokine concentrations were measured in cell culture supernatant by Multiplex 
ELISA. While substantial secretion of IFN-y, a hallmark of Th1 polarization, was observed after 
immunization with Ad26COVS1, secretion of typical cytokines associated with a Th2-type 
immune response, |IL-4, IL-5, and IL-10, was low (data not shown). The ratio of cytokine 
concentrations of IFN-y to either IL-4, IL-5, or IL-10, is considered indicative of the Th1 
polarization of the immune response and is shown in FIG. 79. Immunization with Ad26COVS1 
skewed the splenocyte response towards IFN-y secretion. In comparison, immunization with S 
protein adjuvanted with AIPO, did not skew towards IFN-y secretion, and overall cytokine 
secretion was low in this group. 

S protein specific IgG subtype responses 

In mice, IgG1 is produced during any type of immune response, while IgG2a is predominantiy 
produced during a Th1 polarized immune response, and therefore an increase of the 
IgG2a/IgG1 ratio is indicative of the Th1 skewing of the immune response. The IgG1 and IgG2a 
titers and the IgG2a/I9gG1 ratio after immunization are shown in FIG. 80. Serum was sampled 13 
days post immunization. S protein binding IgG1 and IgGZa titers were measured by ELISA. 
Ad26COVS1 induced S protein binding lgG1 and IgG2a antibodies in all animals. In contrast, S 
protein adjuvanted with AIPOA4 induced IgG1 in all animals but IgGZ2a titers were near or at the 
lower limit of detection. This resulted in an IgG2a/I9G1 ratio after Ad26COVS1 immunization 
that was dominantly Th1-biased, and statistically different to the ratio observed after 
immunization with S protein adjuvanted with AIPO4, which is associated with a Th2 biased 
response. 

EXAMPLE 17: immunogenicity in New Zealand White Rabbits 

New Zealand White rabbits were immunized IM with a single dose of 5x10% vp or the clinical 
dose level of 5x101%vp Ad26COVS1 (N=5 per dose level). The negative control group received 
saline (N=5). The Ad26NCOVO006 vector, which encodes the native full-length S protein without 
the stabilizing mutations, allowed a comparison with Ad26COVS1 to assess the benefit of the 


stabilizing mutations. The S protein binding antibody response and SARS-Cov-2 neutralizing 
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antibody response were measured in serum taken at Week 2 post Dose 1. The S protein 
specific cellular response was measured in peripheral blood mononuclear cells (PBMC) taken at 
Week 3 post Dose 1. 

S protein binding antibody response 

A single immunization with Ad26COVS1 led to a dose level-dependent induction of S protein 
binding antibodies (FIG. 814). Compared with the Ad26NCOVO06 vector encoding the S protein 
without stabilizing mutations, Ad26COVS1 induced significantly higher binding antibody titers. 
Neutralizing antibody response 

A single immunization with Ad26COVS1 led to a dose level-dependent induction of SARS-Cov- 
2 neutralizing antibodies, with a response in all animals that received the higher dose level of 
5x1010 vp (FIG. 81B). Neutralization titers were low and variable, which is likely due to the early 
assay time point (Week 2). Compared with the Ad26NCOVO06 vector encoding the S protein 
without stabilizing mutations, Ad26COVS1 induced significantly higher neutralizing antibody 
titers. 

S protein specific cellular cytokine response 

To measure cellular immunogenicity, PBMC were stimulated ex vivo with wild-type S protein 
peptide pools and the cellular immune response was determined by IFN-y ELISpot. On Day 21 
after immunization, PBMC were isolated and stimulated ex vivo with 2 peptide pools of 15-mers 
peptides overlapping by 11 amino acids covering the complete wild-type SARS-Cov-2 S protein 
sequence. IFN-y production by PBMC was measured after 18 hours of peptide stimulation by 
ELISpot. When measured 3 weeks post Dose 1, Ad26COVS1 induced a dose-level independent 
cellular response in all animals, although the response was lower than after immunization with 
the Ad26NCOVO06 vector encoding the native S protein, i.e. without stabilizing mutations (FIG. 
82). This confirmed the induction of the Th1 associated cytokine IFN-y already observed in a 
murine study with Ad26COVS1. 

EXAMPLE 18: Immunogenicity and Efficacy in Syrian Hamsters 

Syrian hamsters were immunized IM with 10% or 10% vp Ad26COVS1 (N=6 per group) in a 1- 
dose regimen (Groups 5 and 6), or in a 2-dose regimen with a 4-week interval (Groups 13 and 
14). Ad26NCOVO06, which encodes the native full length S protein without the stabilizing 
mutations, was given at the same dose levels and regimens as Ad26COVS1 (N=6 per group, 1- 
dose Groups 1 and 2, 2-dose Groups 9 and 10) and allowed a comparison to assess the benefit 
of the Ad26COVS1 stabilizing mutations. The negative control groups received Ad26.Empty 
(N=6 per group) in a 1-dose and 2-dose regimen (Groups 7 and 8, and Group 15, respectively). 


The S protein binding antibody response and SARS-Cov-2 neutralizing antibody response were 
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measured in serum taken at Week 4 post Dose 1. Animals receiving the 1-dose regimen were 
challenged with SARS-CovV-2 at Week 4, with a follow-up period of 4 days. 

S protein binding antibody response and neutralizing antibody response 

Serum was sampled 28 days post immunization. S protein binding antibody titers were 
measured by ELISA. Ad26.Empty sample N=18 (FIG. 83A). Neutralizing antibody titers were 
measured by wtVNA determining the cytopathic effect (CPE) of virus isolate Leiden1 (L-001) on 
Vero E6 cells (FIG. 83B). A single immunization with Ad26COVS1 led to the induction of S 
protein binding antibodies and SARS-CovV-2 neutralizing antibodies, measured at Week 4 post 
Dose 1, i.e., atthe time of challenge for animals receiving the 1-dose regimen (FIG. 83A and 
83B). 

Viral load 

Syrian hamsters were intramusculariy immunized with 1x10* or 1x1010 vp of Ad26COVS1 
(Ad26NCOV030) or Ad26NCVO006 (Ad26 vector encoding the native S protein) (N=6 per dose 
level) or Ad26.Empty (Ad26 vector not coding any COVID-19 antigens, N=6). The hamsters 
received intranasal challenge with 102 TCID5O SARS-CovV-2 strain 
BetaCoV/Munich/BavPat1/2020 4 weeks (Day 28) post immunization. Lung tissue was isolated 
at the end of the challenge phase (Day C4) for viral load analysis. Replication competent virus 
(TCIDso per gram lung) was measured by plaque assay. Replication competent virus in lung 
tissue was determined 4 days post challenge by plaque assay. 

The mock-immunized control group that received Ad26.Empty had a high lung viral load 4 days 
post challenge. A single dose of Ad26COVS1 gave a significant reduction in viral load 
compared with the Ad26.Empty mock-immunized animals. Immunization with Ad26COVS1 
resulted in significantly lower viral load compared with the Ad26NCOVO06 vector encoding the 
S protein without stabilizing mutations (FIG. 84). Viral load was below the limit of detection for 
the majority of animals immunized with Ad26COvVS1. 

Body weight loss after challenge 

Body weight loss was determined as a measure of disease severity after challenge with SARS- 
CoV-2. A single dose of Ad26COVS1 gave a significant reduction of body weight loss compared 
with Ad26.Empty control immunized animals measured 4 days post challenge (FIG. 85). There 
was no significant difference in body weight loss across dose levels between the Ad26COVS1 
and Ad26NCOVO06 immunized groups (p=0.091 t-test from analysis of variance [ANOVA] with 


3-fold Bonferroni correction). 
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EXAMPLE 19: immunogenicity in Nonhuman Primates (NHP) 

NHP were immunized IM with a single dose of 1011 vp Ad26COVS1 (N=6) which corresponds to 
the high vaccine dose intended for clinical use. The negative control group received saline only 
(N=4). Serum to assess humoral immunogenicity was taken prior to immunization (Week 0, 
baseline) and at Week 2 and Week 4 post immunization. PBMC for cell-based assays were 
isolated on Week O and Week 4. 

S protein binding antibody response and neutralizing antibody response 

In NHP, a single immunization with Ad26COVS1 induced S protein binding antibodies (FIG. 
86A), and neutralizing antibodies measured by ppVNA (FIG. 86B) and wtVNA (FIG. 86C), as 
early as Week 2 post immunization. All assays are described in Chandrashekar et al. Science. 
2020; eabc4776. doi: 10.1126/science.abc4776. 

Compared with Week 2, Week 4 median binding antibody titers increased 3.3-fold to 16,497 
(titer range: 4,450-57,790). Median ppVNA neutralizing antibody titers increased by 5.8-fold to 
408 (titer range: 208-643) from Week 2 to Week 4. Wild-type VNA neutralizing antibody titers 
were generally lower but showed a comparable increase over time; Week 4 median neutralizing 
antibody titers increased by 6.2 fold to 113 (titer range 53-234). 

S protein specific cellular cytokine response 

To measure cellular immunogenicity, PBMC were stimulated ex vivo with wild-type S protein 
peptide pools and the cellular immune response was determined by IFN-y ELISpot. When 
measured 4 weeks post immunization, Ad26COVS1 induced a cellular response in 5 out of 6 
animals (FIG. 86D). This confirmed the induction of the Th1 associated cytokine IFN-y already 
observed in mice and rabbits with Ad26COVS1. 

EXAMPLE 20: Single-Shot Ad26 Vaccine Protects Against SARS-Cov-2 Challenge in 
Rhesus Macaques 

Generation and Immunogenicity of Ad26 Vaccine Candidates 

As described above, several Ad26 vectors expressing SARS-Cov-2 S protein variants were 
produced: (i) with the tissue plasminogen activator (tPA) leader sequence (LS) instead of the 
wild type (wt) LS (tPA.S; COR200009: SEQ ID NO: 207), (ii) tPA leader LS instead of wt LS with 
full-length S with mutation of the furin cleavage site and two proline stabilizing mutations 
(tPA.S.PP; COR200010: SEQ ID NO: 208), (iii) native full-length S (S; Wuhan/WIV04/2019), (iv) 
tPA and wildtype leader sequences with full-length S (tPA.WT.S; COR200018: SEQ ID NO: 
210)), and (v) full-length S with mutation of the furin cleavage site and proline stabilizing 
mutations (S.PP; COR200007: SEQ ID NO: 205). Western blot analyses confirmed spike 


protein expression in cell lysates of cells that had been inoculated with each off all the vectors 
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and absence of the furin cleavage products in cell lysates with spike variants with mutated furin 
cleavage sites (FIG. 87). 

52 mixed-gender adult rhesus macaques, 6-12 years old, were immunized with Ad26 vectors 
expressing tPA.S (N=4), tPA.S.PP (N=4), S (N=4), tPA.WT.S (N=4), S.PP (N=6), and sham 
controls (N=20). Animals received an intramuscular single immunization of 1011 viral particles 
(vp) Ad26 vectors without adjuvant at week 0. RBD-specific binding antibodies were observed 
by ELISA in almost all vaccinated animals by week 2 and in all vaccinated animals by week 4 
(FIG. 88A). Neutralizing antibody (NAb) responses were assessed using both a pseudovirus 
neutralization assay (Chandrashekar, A. et al. Science, doi:10.1126/science.abc4776 (2020); 
Yu, J. et al. Science, doi:10.1126/science.abc6284 (2020); Yang, Z. Y. et al. Nature 428, 561- 
564, doi:10.1038/nature02463 (2004)) (FIG. 88B) and a live virus neutralization assay (data not 
shown) . NAb titers as measured by both neutralization assays were observed in the majority of 
vaccinated animals at week 2 and increased at week 4. The Ad26-S.PP (Ad26COVS1) vaccine 
elicited the highest pseudovirus NAb titers (median 408; range 208-643) and live virus NAb 
titers (median 113; range 53-233) at week 4. Median NAb titers in the Ad26-S.PP vaccinated 
macaques were 4-fold higher than median NAb titers in previously reported cohorts of 9 
convalescent macaques and 27 convalescent humans following recovery from SARS-Cov-2 
infection10 (FIG. 93). The Ad26-S.PP vaccine also induced low but detectable S-specific IgG 
and IgA responses in bronchoalveolar lavage (BAL) (FIG. 94). 

Cellular immune responses were induced in the majority of vaccinated animals at week 4 by 
IFN-y ELISPOT assays using pooled S peptides (FIG. 89A). Multiparameter intracellular 
cytokine staining assays were utilized to assess IFN-y+ CD4+ and CD8+ T cell responses (FIG. 
89B). Responses were comparable in the various vaccine groups, although there was a trend 
towards lower responses with the Ad26-S.PP vaccine. IFN-y+ and IL-2+ CD4+ T cell responses 
were higher than IL-4+ and IL-10+ CD4+ T cell responses (FIG. 95), suggesting induction of 
Th1-biased cellular immune responses. 

Protective Efficacy of Ad26 Vaccine Candidates 

At week 6, all animals were challenged with 1.2x10% VP (1.1x10+ PFU) SARS-Cov-2 by the 
intranasal (IN) and intratracheal (IT) routes (Chandrashekar, A. et al. Science, 
doi:10.1126/science.abc4776 (2020); Yu, J. et al. Science, doi:10.1126/science.abc6284 
(2020)). Viral loads in bronchoalveolar lavage (BAL) and nasal swabs (NS) were assessed by 
RT-PCR for subgenomic mRNA (sgmRNA), which is believed to represent replicating virus 
(Chandrashekar, A. et al. supra; Wolfel, R. et al. Nature, doi:10.1038/s41586-020-2196-x 
(2020). 
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All 20 sham controls were infected and showed a median peak of 4.89 (range 3.85-6.51) I0g10 
S9gmRNA copies/ml in BAL (FIG. 90A). In contrast, animals that received Ad26-S.PP 
demonstrated no detectable virus in BAL (limit of detection 1.69 logo samRNA copies/ml). 
Substantial protection was also observed with the other vaccines with occasional animals 
showing low levels of sgmRNA in BAL (FIG. 90B). Similarly, sham controls showed a median 
peak of 5.59 (range 3.78-8.01) log10 sgmRNA in NS (FIG. 90C). One animal that received 
Ad26.S.PP had a low amount of virus in NS. The other vaccines generally demonstrated 
reduced viral loads in NS compared with controls, although the best protection was seen with 
Ad26.S.PP (FIG. 90D). 

A comparison of peak viral loads in the vaccinated animals suggested that protection in BAL 
was generally more robust than in NS (FIG. 91). The Ad26-S.PP vaccine provided complete 
protection in lower respiratory tract and protection in 5/6 animals in upper respiratory tract, with 
>3.2 and >3.9 log reductions of median peak sgmRNA in BAL and NS, respectively, as 
compared with sham controls (P<0.0001 and P<0.0001, respectively, two-sided Mann-Whitney 
tests) (FIG. 91). These data support the relevance of prefusion stabilization of the S 
immunogen. Among the 32 vaccinees, 17 animals were completely protected and had no 
detectable sgmRNA in BAL or NS following challenge, and 5 additional animals had no 
Ss9gmRNA in BAL but showed some virus in NS. 

Immune Responses in Ad26.S.PP Vaccinated Animals Following Challenge 

Sham controls developed robust pseudovirus NAb responses (FIG. 92) and CD8+ and CD4+ T 
cell responses (data not shown) by day 14 following SARS-Cov-2 challenge. CD8+ and CD4+ 
T cell responses in these animals were directed against multiple SARS-Cov-2 proteins, 
including spike (S1, S2), nucleocapsid (NCAP), and non-structural proteins (NS6, NS71, NS8). 
In contrast, animals that received the Ad26.S.PP vaccine did not demonstrate anamnestic NAb 
responses (FIG. 92) and only showed low T cell responses against spike (S1, S2) following 
challenge. These findings are consistent with the almost absent viral load data from these 
animals (FIG. 90-91) and suggest exceedingly low levels of virus replication in these animals, if 
any at all, following challenge. 

The development of a safe and effective SARS-Cov-2 vaccine is a critical global priority. The 
present invention demonstrates that a single immunization with an Ad26 vector expressing an 
engineered S immunogen induced robust NAb responses and protected against SARS-CoVv-2 
challenge in rhesus macaques. The best vaccine in this study was Ad26-S.PP (Ad26COVS1 or 
Ad26NCOV030) which contains the wildtype leader sequence, the full-length membrane-bound 


S, a furin site mutation, and two prolines stabilizing mutations. 
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These data extend recent preclinical studies of inactivated virus and DNA vaccines for SARS- 
CoV-2 in nonhuman primates (Yu, J. et al. Science, doi:10.1126/science.abc6284 (2020); Gao, 
Q. et al. Science, doi:10.1126/science.abc1932 (2020)). Inactivated virus vaccines and nucleic 
acid vaccines typically require at least 2 immunizations, whereas adenovirus vector-based 
vaccines can induce robust and durable antibody responses after a single immunization. A 
single-shot SARS-Cov-2 vaccine would have important logistic and practical advantages 
compared with a two-dose vaccine for mass vaccination campaigns and pandemic control. 
However, it has also previously shown that a homologous boost with Ad26-HIV vectors can 
augment antibody titers by more than 10-fold in both nonhuman primates and humans, 
suggesting that both single-dose and two-dose regimens of the Ad26-S.PP vaccine should be 
evaluated in clinical trials. In the present study, Ad26.S.PP induced NAb responses after a 
single immunization and provided complete or near complete protection against SARS-Cov-2 
challenge. Moreover, NAb titers and T cell responses in these animals did not substantially 
expand following challenge, and T cell responses did not broaden to non-vaccine antigens such 
as nucleocapsid and non-structural proteins, whereas sham controls generated robust NAb 
titers and T cell responses to multiple SARS-Cov-2 proteins following challenge. These data 
suggest minimal to no virus replication in the animals vaccinated with Ad26COVS1 following 
challenge. 

In addition, it is worth noting that Ad26 vaccines elicited Th1-biased rather than Th2-biased 
CD4+ T cell responses, and animals that had sub-protective NAb titers did not demonstrate 
enhanced viral replication. 

Materials and Methods 

Animals and study design. 52 outbred Indian-origin adult male and female rhesus macaques 
(Macaca mulatta), 6-12 years old, were randomly allocated to groups. All animals were housed 
at Bioqual, Inc. (Rockville, MD). Animals received Ad26 vectors expressing tPA.S (N=4), 
tPA.S.PP (N=4), S (N=4), tPPA.WT.S (N=4), S.PP (N=6), and sham controls (N=20). Animals 
received a single immunization of 1011 viral particles (vp) Ad26 vectors by the intramuscular 
route without adjuvant at week 0. At week 6, all animals were challenged with 1.2x10% VP 
(1.1x10+ PFU) SARS-CoV-2 (USA-WA1/2020; NR-52281 stock; BEI Resources). Virus was 
administered as 1 ml by the intranasal (IN) route (0.5 ml in each nare) and 1 ml by the 
intratracheal (IT) route. All immunologic and virologic assays were performed blinded. All animal 
studies were conducted in compliance with all relevant local, state, and federal regulations and 


were approved by the Bioqual Institutional Animal Care and Use Committee (IACUC). 
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Ad26 vectors were constructed with several versions of the SARS-CovV-2 spike (S) protein 
sequence (Wuhan/W!V04/2019). Sequences were codon optimized and synthesized. 
Replication-incompetent, E1/E3-deleted Ad26-vectors (Abbink, P. et al. J Virol 81, 4654-4663, 
doi:JVI.02696-06 [pii]10.1128/JVI.02696-06 (2007)) were produced in PER.C6.TetR cells using 
a plasmid containing the full Ad26 vector genome and a transgene expression cassette. 
Vectors were sequenced and tested for expression prior to use. 

Western Blot. T-25 flasks seeded with 293T cells at 70-80% confluency were transiently 
transfected with SARS-Cov-2 Ad26 vectors and cell lysates were harvested 48 hours post- 
transfection and separately mixed with reducing sample buffer (Pierce), heated for 5 minutes at 
95*C and run on a precast 4-15% SDS-PAGE gel (Bio-Rad). Protein was transferred to a 
polyvinylidene difluoride (PVDF) membrane using an iBlot dry blotting system (Invitrogen), and 
membrane blocking performed overnight at 4*C in Dulbecco's phosphate-buffered saline T (D- 
PBST) containing 0.2% Tween 20 (Sigma) (V/V) and 5% (W/V) non-fat milk powder. Following 
overnight blocking, the PVDF membrane was incubated for 1 hour in 3% milk DPBS-T 
containing a 1:10,000 dilution of polyclonal guinea pig anti-SARS antibody (BEI resources) for 1 
hour. After this incubation, the PVDF membrane was washed five times with 5% milk DPBS-T 
and subsequently incubated with 1:30,000 anti-guinea pig or anti-rabbit horseradish peroxidase 
(HRP)-conjugated secondary antibody (Jackson Immunoresearch) in 3% milk DPBS-T. Finally, 
the PVDF membrane was washed again five times with 5% milk DPBS-T, and developed using 
an Amersham ECL Plus Western blotting detection system (GE Healthcare). 

Subgenomic mRNA assay. SARS-CovV-2 E gene subgenomic mRNA (sgmRNA) was assessed 
by RT-PCR using an approach similar to previously described?1920. To generate a standard 
curve, the SARS-Cov-2 E gene sgmRNA was cloned into a pcDNA3.1 expression plasmid; this 
insert was transcribed using an AmpliCap-Max T7 High Yield Message Maker Kit (Cellscript) to 
obtain RNA for standards. Prior to RT-PCR, samples collected from challenged animals or 
standards were reverse-transcribed using Superscript III VILO (Invitrogen) according to the 
manufacturer's instructions. A Tagman custom gene expression assay (ThermoFisher 
Scientific) was designed using the sequences targeting the E gene sgmRNA20. Reactions 
were carried out on a QuantStudio 6 and 7 Flex Real-Time PCR System (Applied Biosystems) 
according to the manufacturer's specifications. Standard curves were used to calculate 
S9gmRNA in copies per ml or per swab; the quantitative assay sensitivity was 50 copies per ml or 
per swab. 

PFU assay. For plaque assays, confluent monolayers of Vero E6 cells were prepared in 6-well 


plates. Indicated samples collected from challenged animals were serially diluted, added to 
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wells, and incubated at 37*C for 1 hr. After incubation, 1.5 mL of 0.5% methylcellulose media 
was added to each well and the plates were incubated at 370C with 5% CO» for 2 days. Plates 
were fixed by adding 400 uL ice cold methanol per well and incubating at -20*C for 30 minutes. 
After fixation, the methanol was discarded, and cell monolayers were stained with 600 uL per 
well of 0.23% crystal violet for 30 minutes. After staining, the crystal violet was discarded, and 
the plates were washed once with 600 UL water to visualize and count plaques. 

ELISA. Briefly, 96-well plates were coated with 1ug/ml SARS-Cov-2 RBD protein (Aaron 
Schmidt, MassCPR) in 1X DPBS and incubated at 4*C overnight. After incubation, plates were 
washed once with wash buffer (0.05% Tween20 in 1 X DPBS) and blocked with 350 uL Casein 
block/well for 2-3 hours at room temperature. After incubation, block solution was discarded and 
plates were blotted dry. Serial dilutions of heat-inactivated serum diluted in Casein block were 
added to wells and plates were incubated for 1 hr at room temperature, prior to three further 
washes and subsequent 1hr incubation with a 1:1000 dilution of anti-macaque IgG HRP (NIH 
NHP Reagent Program) in the dark at room temperature. Plates were then washed three times 
with wash buffer, and 100 uL of SeraCare KPL TMB SureBlue Start solution was added to each 
well; plate development was halted by the addition of 100 uL SeraCare KPL TMB Stop solution 
per well. The absorbance at 450nm was recorded using a VersaMax or Omega microplate 
reader. ELISA endpoint titers were defined as the highest reciprocal serum dilution that yielded 
an absorbance > 0.2. Log10 endpoint titers are reported. 

Pseudovirus neutralization assay. The SARS-CovV-2 pseudoviruses expressing a luciferase 
reporter gene were generated in an approach similar to as described previously9,10,16. Briefly, 
the packaging construct psPAX2 (AIDS Resource and Reagent Program), luciferase reporter 
plasmid pLenti-CMV Puro-Luc (Addgene), and spike protein expressing pcDNA3.1-SARS Cov- 
2 SACT were co-transfected into HEK293T cells with calcium phosphate. The supernatants 
containing the pseudotype viruses were collected 48 hours post-transfection; pseudotype 
viruses were purified by filtration with 0.45 um filter. To determine the neutralization activity of 
the antisera from vaccinated animals, HEK293T-hACEZ2 cells were seeded in 96-well tissue 
culture plates at a density of 1.75 x 10* cells/well overnight. Two-fold serial dilutions of heat 
inactivated serum samples were prepared and mixed with 50 uL of pseudovirus. The mixture 
was incubated at 37*C for 1 hour before adding to HEK293T-hACE2 cells. Forty-eight hours 
after infection, cells were Iysed in Steady-Glo Luciferase Assay (Promega) according to the 
manufacturer's instructions. SARS-CoV-2 neutralization titers were defined as the sample 
dilution at which a 50% reduction in RLU was observed relative to the average of the virus 


control wells. 
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ELISPOT assay. ELISPOT plates were coated with mouse anti-human IFN-y monoclonal 
antibody from BD Pharmingen at a concentration of 5 ug/well overnight at 4*C. Plates were 
washed with DPBS containing 0.25% Tween20, and blocked with R10 media (RPMI with 11% 
FBS and 1.1% penicillin-streptomycin) for 1 h at 37*C. The Spike 1 and Spike 2 peptide pools 
contain 15 amino acid peptides overlapping by 11 amino acids that span the protein sequence 
and reflect the N- and C- terminal halves of the protein, respectively. Spike 1 and Spike 2 
peptide pools were prepared at a concentration of 2 ug/well, and 200,000 cells/well were added. 
The peptides and cells were incubated for 18-24 h at 37*C. All steps following this incubation 
were performed at room temperature. The plates were washed with coulter buffer and 
incubated for 2 h with Rabbit polyclonal anti-human IFN-y Biotin from U-Cytech (1 ug/mL). The 
plates are washed a second time and incubated for 2 h with Streptavidin-alkaline phosphatase 
antibody from Southern Biotechnology (1 ug/mL). The final wash was followed by the addition 
of Nitor-blue Tetrazolium Chloride/5-bromo-4-chloro 3 'indolyl phosphate p-toludine salt 
(NBT/BCIP chromagen) substrate solution for 7 minutes. The chromagen was discarded and 
the plates were washed with water and dried in a dim place for 24 hours. Plates were scanned 
and counted on a Cellular Technologies Limited Immunospot Analyzer. 

Intracellular cytokine staining assay. 10% PBMCs/well were re-suspended in 100 uL of R10 
media supplemented with CD49d monoclonal antibody (1 ug/mL). Each sample was assessed 
with mock (100 uL of R10 plus 0.5% DMSO; background control), peptide pools (2 ug/mL), or 
10 pg/mL phorbol myristate acetate (PMA) and 1 ug/mL ionomycin (Sigma-Aldrich) (100uL; 
positive control) and incubated at 37*C for 1 h. After incubation, 0.25 uL of GolgiStop and 0.25 
uL of GolgiPlug in 50 uL of R10 was added to each well and incubated at 37*C for 8 h and then 
held at 4*C overnight. The next day, the cells were washed twice with DPBS, stained with Near 
IR live/dead dye for 10 mins and then stained with predetermined titers of mAbs against CD279 
(clone EH12.1, BB700), CD38 (clone OKT10, PE), CD28 (clone 28.2, PE CY5), CD4 (clone 
L200, BV510), CD45 (clone D058-1283, BUV615), CD95 (clone DX2, BUV737), CD8 (clone 
SK1, BUV805), for 30 min. Cells were then washed twice with 2% FBS/DPBS buffer and 
incubated for 15 min with 200uL of BD CytoFix/CytoPerm Fixation/Permeabilization solution. 
Cells were washed twice with 1X Perm Wash buffer (BD Perm/WashTM Buffer 10X in the 
CytoFix/CytoPerm Fixation/ Permeabilization kit diluted with MIIliQ water and passed through 
0.22um filter) and stained with intracellulariy with mAbs against Ki67 (clone B56, FITC), CD69 
(clone TP1.55.3, ECD), IL10 (clone JES3-9D7, PE CY7), IL13 (clone JES10-5A2, BV421), TNF- 
a (clone Mab11, BV650), IL4 (clone MP4-25D2, BV711), IFN-y (clone B27; BUV395), IL2 (clone 
MQ1-17H12, APC), CD3 (clone SP34.2, Alexa 700), for 30 min. Cells were washed twice with 
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1X Perm Wash buffer and fixed with 250uL of freshly prepared 1.5% formaldehyde. Fixed cells 
were transferred to 96-well round bottom plate and analyzed by BD FACSymphonyTM system. 
Statistical analyses. Analysis of virologic and immunologic data was performed using 
GraphPad Prism 8.4.2 (GraphPad Software). Comparison of data between groups was 
performed using two-sided Mann-Whitney tests. Correlations were assessed by two-sided 
Spearman rank-correlation tests. P-values of less than 0.05 were considered significant. 
EXAMPLE 21: Ad26 Vaccine Protects Against SARS-CovV-2 Severe Clinical Disease in 
Hamster 

The clinical and virologic characteristics of high-dose SARS-Cov-2 infection in hamsters was 
assessed and the protective efficacy of an Ad26 vector-based vaccine according to the 
invention encoding a stabilized SARS-Cov-2 spike (S) was evaluated in this stringent model. 
20 Syrian golden hamsters (10-12 weeks old) were inoculated with 5x10+ TCIDso (N=4; 
low-dose) or 5x105 TCIDso (N=16; high-dose) SARS-CoV-2 by the intranasal route. In the high- 
dose group, 4 animals were necropsied on day 2, and 4 animals were necropsied on day 4 for 
tissue viral loads and histopathology, and the remaining 8 animals were followed longitudinally. 
All remaining animals were necropsied on day 14. In the low-dose group, hamsters lost a 
median of 14.7% of body weight by day 6 but fully recovered by day 14 (FIG. 96A, 96B), 
consistent with previous studies (Chan et al., Clin Infect Dis, doi:10.1093/cid/ciaa325, (2020); 
Sia et al., Nature, doi:10.1038/s41586-020-2342-5 (2020); Imai et al., Procc Natl Acad Sci U S 
A 117, 16587-16595, (2020). In the high-dose group, hamsters lost a median of 19.9% of body 
weight by day 6. Of the 8 animals in this group that were followed longitudinally, 4 met IACUC 
humane euthanasia criteria of >20% weight loss and respiratory distress on day 6, and 2 
additional animals met these criteria on day 7. The remaining 2 animals recovered by day 14. 
These data demonstrate that high-dose SARS-Cov-2 infection in hamsters led to severe weight 
loss and partial mortality. 

Tissue viral loads were assessed in the 4 animals that received high-dose SARS-Cov-2 and 
were necropsied on day 2, the 4 animals that were necropsied on day 4, and 5 of 6 ofthe 
animals that met euthanasia criteria on day 6-7 (FIG. 96C). High median tissue viral loads on 
day 2 of 1012 RNA copies/g in lung tissue and 10%-10* 60 RNA copies/g in nares and trachea 
were observed, with a median of 105-10% RNA copies/g in heart, gastrointestinal tract, brain, 
spleen, liver, and kidney, indicative of disseminated infection. By day 6-7, tissue viral loads were 
approximately 2 logs lower, despite continued weight loss. 

Hamsters infected with high-dose SARS-CovV-2 were assessed by histopathology on days 2 
(N=4), 4 (N=4), 6-7 (N=6), and 14 (N=2). Infection was associated with marked inflammatory 
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infiltrates and multifocal epithelial necrosis of the nasal turbinate (FIG. 97a) and bronchiolar 
epithelium, resulting in degenerative neutrophils and cellular debris in the lumen (FIG. 97b). The 
endothelium of nearby vessels was reactive with adherence of mononuclear cells to the 
endothelium and transmigrating within vessel walls, indicative of endothelialitis (FIG. 97b). 
There was moderate to severe multifocal interstitial pneumonia characterized by pulmonary 
consolidation affecting 30-60% of the lung parenchyma as early as day 2 following SARS-Cov-2 
infection (FIG. 97c). Inflammatory infiltrates consisted of massive numbers of macrophages and 
neutrophils with fewer lymphocytes. The nasal turbinate epithelium (FIG. 97d) and bronchiolar 
epithelial cells (FIG. 97e) were strongly positive for SARS nucleocapsid protein (SARS-CoV-N) 
by immunohistochemistry (IHC) in regions of inflammation and necrosis. SARS-Cov-N IHC also 
showed locally extensive staining of the alveolar septa and interstitial mononuclear cells 
morphologically consistent with macrophages (FIG. 97f). Similarly, substantial SARS-Cov-2 
viral RNA (vRNA) was observed in the bronchiolar epithelium and the pulmonary interstitium in 
regions of inflammation (FIG. 979, 97h). 

Levels of both SARS-CovV-2 vRNA and SARS-CovV-N protein expression in lung were highest 
on day 2 and diminished by day 4, with minimal vRNA and SARS-CovV-N protein detected by 
day 7 (FIG. 100). The pneumonia was characterized by large inflammatory infiltrates of lba-1+ 
macrophages in the lung interstitium as well as CD3+ T lymphocytes (FIG. 97i, 97j). Numerous 
viable and degenerative neutrophils were detected throughout the lung, especially in regions of 
necrosis, with high expression of neutrophil myeloperoxidase (MPO) throughout the lung (FIG. 
97k). Diffuse expression of the interferon inducible gene product, MX1, was also detected in the 
lung (FIG. 971). In contrast with the kinetics of SARS-CovV-2 vRNA and SARS-CoV-N detection, 
which peaked on day 2, these markers of inflammation peaked on day 7 (FIG. 100), coincident 
with maximal weight loss and mortality (FIG. 96A, 96B). Detection of vRNA in the lung by 
RNAscope did not simply reflect the viral inoculum, as we detected not only negative anti-sense 
vRNA but also positive-sense vRNA, which overlapped in location and pattern, from day 2 to 
day 7 post challenge. SARS-CovV-2 vRNA expression (both anti-sense and sense) was present 
in lung with robust ACE2 receptor expression (data not shown). 

We produced recombinant, replication-incompetent Ad26 vectors encoding (i) SARS Cov-2 
spike (S) with deletion of the transmembrane region and cytoplasmic tail reflecting the soluble 
ectodomain with a foldon trimerization domain (S.4dTM.PP) or (ii) full-length S (S.PP), both with 
mutation of the furin cleavage site and two proline stabilizing mutations (Fig. 984). 

In Example 20 the immunogenicity and protective efficacy of the S.PP vaccine against SARS- 


CoV-2 challenge in rhesus macaques was described. 
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In this example 50 Syrian golden hamsters were immunized with 1010 or 10% viral particles (vp) 
Ad26 vectors encoding S.4TM.PP or S.PP (N=10/group) or sham controls (N=10). Animals 
received a single vaccination by the intramuscular route at week 0. We observed receptor 
binding domain (RBD)-specific binding antibodies by ELISA (FIG. 98B) and neutralizing 
antibodies (NAbs) by a pseudovirus neutralization assay (FIG. 98C) in all animals at week 2 and 
week 4. At week 4, Ad26-S.PP elicited 4.0-4.7 fold higher median ELISA titers (4470, 4757) 
compared with Ad26-S.dTM.PP (1014, 1185) (FIG. 98B; P<0.0001, two-sided Mann-Whitney 
tests). Similarly, Ad26-S.PP elicited 1.8-2.6 fold higher median NAb IC50 titers (359, 375) 
compared with Ad26-S.4dTM.PP (139, 211) (P<0.05, two-sided Mann-Whitney tests). For each 
vector, the two doses tested appeared comparable. ELISA and NAb data were correlated at 
both week 2 and week 4 (R=0.7074, P<0.0001 and R=0.7849, P<0.0001, respectively, two- 
sided Spearman rank correlation tests). 

We further characterized S-specific and RBD-specific antibody responses in the vaccinated 
animals at week 4 by systems serology (Chung, et al., Cell 163, 988-998, 
doi:10.1016/j.cell.2015.10.027 (2015)). lgG, IgG2a, I9gG3, IgM, Fc-receptors FcRy2, FcRy3, and 
FcRy4, and antibody-dependent complement deposition (ADCD) responses were assessed 
(FIGs. 98D-98F). Higher and more consistent responses were observed with Ad26-S.PP 
compared with Ad26.S.d9TM.PP (FIG. 98D, 98F), and a principal component analysis of these 
antibody features confirmed that these two vaccines had distinct profiles (FIG. 98E). 

At week 4, all animals were challenged with 5x105 TCIDso SARS-Cov-2 by the intranasal route. 
Three animals in each group were necropsied on day 4 for tissue viral loads and histopathology, 
and the remaining 7 animals in each group were followed until day 14. In the sham controls, 
hamsters lost a median of 19.6% of body weight by day 7, and 43% (3 of 7) of the animals that 
were followed longitudinally met euthanasia criteria on day 6-7 (FIG. 99A, 99B). The Ad26- 
S.dTM.PP vaccinated animals lost a median of 8.7% body weight, and the Ad26-S.PP 
vaccinated animals lost a median of 4.0% body weight (FIG. 99A, 99B). Maximum percent 
weight loss was marked.ly lower in both vaccinated groups compared with sham controls 
(P<0.0001, two-sided Mann-Whitney tests; FIG. 99C), and animals that received Ad26-S.PP 
showed less weight loss than animals that received Ad26.S.dTM.PP (P<0.0001, two-sided 
Mann-Whitney tests; FIG. 99C). Both vaccines protected against mortality, defined as meeting 
humane euthanization criteria, as compared with sham controls (P=0.02, two-sided Fisher's 
exact tests). A combined analysis of the two hamster experiments confirmed that both vaccines 
effectively protected against mortality (P=0.007, two-sided Fisher's exact tests). ELISA 
responses at week 2 (R=-0.8992, P<0.0001) and week 4 (R=-0.9344, P<0.0001) correlated 
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inversely with maximum percent weight loss. NAb responses at week 2 (R=-0.7380, P<0.0001) 
and week 4 (R=-0.8075, P<0.0001) also correlated inversely with maximum percent weight loss. 
Histiocytic and neutrophilic inflammatory infiltrates were markedly reduced in all lung lobes, and 
significantly reduced SARS-Cov-2 vRNA was observed in Ad26-S.4dTM.PP and Ad26-S.PP 
vaccinated hamsters compared with sham controls (P=0.004 and P=0.004, respectively, two 
sided Mann-Whitney tests). 

In this Example it is demonstrated that a single immunization of an Ad26 vector encoding a full- 
length prefusion stabilized S immunogen (S.PP) protected against severe clinical disease 
following high-dose SARS-Cov-2 challenge in hamsters. Sham controls demonstrated marked 
weight loss, severe pneumonia, and partial mortality. In contrast, vaccinated animals showed 
minimal weight loss and pneumonia and no mortality. Vaccine-elicited binding and neutralizing 
antibody responses correlated with protection against clinical disease as well as reduced virus 
replication in the upper and lower respiratory tract. 

This severity of clinical disease in this model contrasts with prior studies involving SARS-Cov-2 
infection in hamsters and other species. Hamsters are a permissive model for SARS-Cov-2 as 
a result of their homology to the human ACEZ receptor, and transmission among hamsters has 
been reported (Sia, et al., Nature, doi:10.1038/s41586-020-2342-5 (2020)). The high challenge 
dose resulted in extensive clinical disease in the present study, although biologic factors that 
remain to be fully defined may also impact clinical disease, such as animal age, animal origin, 
and viral challenge stock. 

SARS-Cov-2 vaccine studies in nonhuman primates have to date demonstrated protection 
against infection or reduction of viral replication in the upper and lower respiratory tracts. In 
Example 20 it was reported that a single immunization of Ad26-S.PP provided complete or near- 
complete protection against SARS-CoV-2 challenge in rhesus macaques. However, SARS- 
CovV-2 infection in nonhuman primates does not result in severe clinical disease or mortality. A 
severe disease model thus would be useful to complement current nonhuman primate challenge 
models, since protection against viral replication does not necessarily imply protection against 
severe disease. Indeed, in the histopathologic analysis of hamsters in the present study, viral 
loads in lung decreased from day 2 to day 7, whereas inflammatory markers continued to 
escalate during this time period and correlated with continued weight loss. These data suggest 
that progressive clinical disease in hamsters is primarily an inflammatory process, which is 
triggered by infection but continued to increase even when viral replication decreased. 

Because COVID-19 in humans can progress to severe clinical disease, it is important to test 


SARS-CovV-2 vaccine candidates in preclinical models that recapitulate severe clinical disease, 
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including fulminant pneumonia and mortality. The high-dose hamster model described in this 
Example achieves many of these criteria and therefore may be useful to study the pathogenesis 
of severe disease and to test countermeasures. The primary manifestation of clinical disease in 
this model was severe pneumonia, rather than encephalitis that has been reported in certain 
hACE2 transgenic mouse models. Moreover, binding and neutralizing antibody responses 
correlated with protection. 

In summary, these data demonstrate that a single immunization of Ad26-S.PP provides robust 
protection against severe clinical disease following high-dose SARS-Cov-2 infection in 
hamsters. To the best of our knowledge, vaccine protection against severe SARS-Cov-2 
pneumonia and mortality has not previously been reported. Ad26-S.PP, which is also termed 
Ad26.C0V2.$, is currently being evaluated in clinical trials. This hamster severe disease model 
should prove useful for testing of SARS-CovV-2 vaccines, therapeutics, and other 
countermeasures. 

Methods 

Animals and study design. 70 male and female Syrian golden hamsters (Envigo), 10-12 weeks 
old were randomly allocated to groups. All animals were housed at Bioqual, Inc. (Rockville, MD). 
Animals received Ad26 vectors expressing S.4TM.PP or S.PP or sham controls (N=10/group). 
Animals received a single immunization of 1010 or 10% viral particles (vp) Ad26 vectors by the 
intramuscular route without adjuvant at week 0. At week 4, all animals were challenged with 
5.0x105 TCIDso (6x10% VP, 5.5x104 PFU) or 5.0x10+ TCIDso (6x107 VP, 5.5x10% PFU) SARS- 
CoV-2, which was derived with 1 passage from USA-WA1/2020 (NR52281; BEI Resources). 
Virus was administered as 100 uL by the intranasal (IN) route (50 uL in each nare). Body 
weights were assessed daily. All immunologic and virologic assays were performed blinded. On 
day 4, a subset of animals was euthanized for tissue viral loads and pathology. All animal 
studies were conducted in compliance with all relevant local, state, and federal regulations and 
were approved by the Bioqual Institutional Animal Care and Use Committee (IACUC). 

Ad26 vectors. Ad26 vectors were constructed with two variants of the SARS-Cov-2 spike (S) 
protein sequence (Wuhan/W!V04/2019; Genbank MN996528.1). Sequences were codon 
optimized and synthesized. Replication-incompetent, E1/E3-deleted Ad26-vectors were 
produced in PER.C6.TetR cells using a plasmid containing the full Ad26 vector genome and a 
transgene expression cassette. Sham controls included Ad26-Empty vectors. Vectors were 
sequenced and tested for expression prior to use. 

Histopathology and immunohistochemistry. Tissues were fixed in freshly prepared 4% 
paraformaldehyde for 24 h, transferred to 70% ethanol, paraffin embedded within 7-10 days, 
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and blocks sectioned at 5 um. Slides were baked for 30-60 min at 65*C then deparaffinized in 
xylene and rehydrated through a series of graded ethanol to distilled water. For SARS-Cov-N, 
Iba-1, and CD3 IHC, heat induced epitope retrieval (HIER) was performed using a pressure 
cooker on steam setting for 25 min in citrate buffer (Thermo; AP-9003-500) followed by 
treatment with 3% hydrogen peroxide. Slides were then rinsed in distilled water and protein 
blocked (BioCare, BE965H) for 15 min followed by rinses in 1x phosphate buffered saline. 
Primary rabbit anti-SARS-CoV-nucleoprotein antibody (Novus; NB100-56576 at 1:500 or 
1:1000), rabbit anti-lba-1 antibody (Wako; 019-19741 at 1:500), or rabbit anti-CD3 (Dako; 
A0452 at 1:300) was applied for 30 minutes followed by rabbit Mach-2 HRP-Polymer (BioCare; 
RHRP520L) for 30 min then counterstained with hematoxylin followed by bluing using 0.25% 
ammonia water. Labeling for SARS-CovV-N, Iba-1, and CD3 were performed on a Biogenex 
i6000 Autostainer (v3.02). In some cases, CD3, lba-1, and ACE-2 staining was performed with 
CD3 at 1:400 (Thermo Cat. No. RM-9107-S; clone SP7), lba-1 at 1:500 (BioCare Cat. No. 
CP290A; polyclonal), or ACE-2 (Abcam; ab108252), all of which were detected by using Rabbit 
Polink-1 HRP (GBI Labs Cat. No. D13-110). Neutrophil (MPO) and type 1 IFN response (Mx1) 
was performed with MPO (Dako Cat. No. A0398; polyclonal) at 1:1000 detection using Rabbit 
Polink-1 HRP, and Mx1 (EMD Millipore Cat. No. MABF938; clone M143/CL143) at 1:1000 
detection using Mouse Polink-2 HRP (GBI Labs Cat. No. D37-110). Staining for CD3, lba-1, 
MPO, and Mx1 IHC was performed as previously described using a Biocare intelliPATH 
autostainer, with all antibodies being incubated for 1 h at room temperature. Tissue pathology 
was assessed independently by two veterinary pathologists. 

RNAscope in situ hybridization. RNAscope in situ hybridization was performed as previously 
described (Chandrashekar, A. et al., Science, doi:10.1126/science.abc4776 (2020)) using 
SARS-CoY2 anti-sense specific probe v-nCoV2019-S (ACD Cat. No. 848561) targeting the 
positive-sense viral RNA and SARS-Cov-2 sense specific probe vnCoVv2019-orf1ab-sense 
(ACD Cat. No. 859151) targeting the negative-sense genomic viral RNA. In brief, after slides 
were deparaffinized in xylene and rehydrated through a series of graded ethanol to distilled 
water, retrieval was performed for 30 min in ACD P2 retrieval buffer (ACD Cat. No. 322000) at 
95-98*C, followed by treatment with protease III (ACD Cat. No. 322337) diluted 1:10 in PBS for 
20 min at 40*C. Slides were then incubated with 3% H202 in PBS for 10 min at room 
temperature. Prior to hybridization, probes stocks were centrifuged at 13,000 rpm using a 
microcentrifuge for 10 min, then diluted 1:2 in probe diluent (ACD Cat. No. 300041) to reduce 
probe aggregation tissue artifacts. Slides were developed using the RNAscopeQ 2.5 HD 
Detection Reagents-RED (ACD Cat. No.322360). 
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Quantitative image analysis. Quantitative image analysis was performed using HALO software 
(v2.3.2089.27 or v3.0.311.405; Indica Labs) on at least one lung lobe cross section from each 
animal. In cases where >1 cross-section was available, each lung lobe was quantified as an 
individual data point. For SARS-CovV-N the Multiplex IHC v2.3.4 algorithm was used with an 
exclusion screen for acid hematin to determine the percentage of SAR-N protein positive cells 
as a proportion of the total number of cells. For Iba-1, the Multiplex IHC v2.3.4 algorithm was 
used for quantitation. For SARS-CoVv-2 RNAscope ISH and Mx1 quantification, the Area 
Quantification v2.1.3 module was used to determine the percentage of total SARS-Cov-2 
antisense or sense probe, or Mx1 protein as a proportion of the total tissue area. For MPO 
(neutrophil) and CD3+ cell quantification, slides were annotated to exclude blood vessels 
(>5mm2), bronchi, bronchioles, cartilage, and connective tissue; subsequently, the Cytonuclear 
v1.6 module was used to detect MPO+ or CD3+ cells and calculated as a proportion of total 
alveolar tissue (PMNs/mm?2), which was determined by running the Area Quantification v2.1.3 
21 module. In all instances, manual inspection of all images was performed on each ample to 
ensure the annotations were accurate. 

Subgenomic mRNA assay. SARS-CovV-2 E gene subgenomic mRNA (sgmRNA) was assessed 
by RT-PCR using primers and probes as previously described'!%1133. Briefly, total RNA was 
extracted from tissue homogenates from several anatomical sites using a QlAcube HT (Qiagen) 
and RNeasy 96 QlAcube HT Kit (Qiagen). A standard curve was generated using the SARS- 
Cov-2 E gene sgmRNA by cloning into a pcDNA3.1 expression plasmid; this insert was 
transcribed using an AmpliCap-Max T7 High Yield Message Maker Kit (Cellscript). Prior to RT- 
PCR, samples collected from challenged animals or standards were reverse-transcribed using 
Superscript III VILO (Invitrogen) according to the manufacturer's instructions. A Tagman custom 
gene expression assay (ThermoFisher Scientific) was designed using the sequences targeting 
the E gene sgmRNA. Reactions were carried out on QuantStudio 6 and 7 Flex RealTime PCR 
Systems (Applied Biosystems) according to the manufacturer's specifications. Standard curves 
were used to calculate sgmRNA copies per gram tissue; the quantitative assay sensitivity was 
100 copies. 

ELISA. RBD-specific binding antibodies were assessed by ELISA essentially as described 
(Chandrashekar, et al., Science, doi:10.1126/science.abc4776 (2020); Yu, et al., Science, 
doi:10.1126/science.abc6284 (2020))1911. Briefly, 96-well plates were coated with 1 ug/ml 
SARS-Cov-2 RBD protein (Aaron Schmidt, MassCPR) or 1 ug/ml SARS-Cov-2 spike (S) 
protein (Sino Biological) in 1X DPBS and incubated at 4*C overnight. After incubation, plates 
were washed once with wash buffer (0.05% Tween20 in 1X DPBS) and blocked with 350 uL 
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casein block/well for 2-3 h at room temperature. After incubation, block solution was discarded 
and plates were blotted dry. 

Threefold serial dilutions of heat-inactivated serum in casein block were added to wells and 
plates were incubated for 1 h at room temperature, plates were washed three times then 
subsequently incubated for 1 h with 0.1 ug/mL of anti-hamster IgG HRP (Southern Biotech) in 
casein block, at room temperature in the dark. Plates were washed three times, then 100 UL of 
SeraCare KPL TMB SureBlue Start solution was added to each well; plate development was 
halted by the addition of 100 uL SeraCare KPL TMB Stop solution per well. The absorbance at 
450nm was recorded using a VersaMax or Omega microplate reader. ELISA endpoint titers 
were defined as the highest reciprocal serum dilution that yielded an absorbance 2-fold above 
background. 

Pseudovirus neutralization assay. The SARS-Cov-2 pseudoviruses expressing a luciferase 
reporter gene were generated in an approach similar to as described previously191121. 

Briefly, the packaging construct psPAX2 (AIDS Resource and Reagent Program), luciferase 
reporter plasmid pLenti-CMV Puro-Luc (Addgene), and spike protein expressing pcDNA3.1- 
SARS Cov-2 SACT were co-transfected into HEK293T cells by lipofectamine 2000 
(ThermoFisher). The supernatants containing the pseudotype viruses were collected 48 h post 
transfection; pseudotype viruses were purified by filtration with 0.45 um filter. To determine the 
neutralization activity of the antisera from vaccinated animals, HEK293T-hACE2 cells were 
seeded in 96-well tissue culture plates at a density of 1.75 x 104 293 cells/well overnight. Three- 
fold serial dilutions of heat inactivated serum samples were prepared and mixed with 50 uL of 
pseudovirus. The mixture was incubated at 37*C for 1 h before adding to HEK293T-ACEZ cells. 
48 h after infection, cells were lysed in Steady-Glo Luciferase Assay (Promega) according to the 
manufacturer's instructions. SARS-CoV-2 neutralization titers were defined as the sample 
dilution at which a 50% reduction in RLU was observed relative to the average of the virus 
control wells. 

Luminex. In order to detect relative quantity of antigen-specific antibody titers, a customized 
Luminex assay was performed as previously described25. Hereby, fluorescently labeled 
microspheres (Luminex) were coupled with SARS-Cov-2 antigens including spike protein (S) 
(Eric Fischer, Dana Farber Cancer Institute), S1 and S2 (Sino Biological), as well as Receptor 
Binding Domain (RBD) (Aaron Schmidt, Ragon Institute) via covalent N505 hydroxysuccinimide 
(NHS)-ester linkages via EDC (Thermo Scientific) and Sulfo-NHS (Thermo Scientific). 1.2x10% 
506 beads per region and antigen were added to a 384-well plate (Greiner) and incubated with 
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16 h shaking at 900 rpm at 4*C. Following formation of immune complexes, microspheres were 
washed three times in 0.1% BSA and 0.05% Tween-20 (Luminex assay buffer) using an 
automated plate washer (Tecan). PE-labeled goat anti-mouse IgG, IgG2a, l9gG3, and IgM 
detection antibodies (southern biotech) were diluted in Luminex assay buffer to 0.65 ug/ml and 
incubated with beads for 1 h at RT while shaking at 900 rpm. Similarly, for the Fc-receptor 
binding profiles, recombinant mouse FcyR2, FcyR3 and FcyR4 (Duke Protein Production 
facility) were biotinylated (Thermo Scientific) and conjugated to Streptavidin-PE for 10 min prior 
to addition to samples (Southern Biotech). These mouse antibodies and proteins are cross- 
reactive to hamster. The coated beads were then washed and read on a flow cytometer, iQue 
(Intellicyt) with a robot arm attached (PAA). Events were gated on each bead region, median 
fluorescence of PE for of bead positive events was reported. Samples were run in duplicate per 
each secondary detection agent. 

Antibody-dependent complement deposition (ADCD). ADCD assays were performed as 
previously described. Briefly, SARS-Cov-2 S and RBD were biotinylated (Thermo Fisher) and 
coupled to 1um red fluorescent neutravidin-beads (Thermo Fisher) for 2 h at 37*C, excess 
antigen was washed away afterwards. For the formation of immune complexes, 1.82x108 
antigen-coated beads were added to each well of a 96-well round bottom plate and incubated 
with 1:10 diluted samples at 37*C for 2 h. Lyophilized guinea pig complement was reconstituted 
according to manufacturer's instructions (Cedarlane) with water and 4 ul per well were added in 
gelatin veronal buffer containing Mg2+ and Ca2+ (GVB++, Boston BioProducts) to the immune 
complexes for 20 min at 37*C. Immune complexes were washed with 15 mM EDTA in PBS, and 
fluorescein-conjugated goat IgG fraction to guinea pig complement C3 (MpBio) was added. 
Post staining, samples were fixed with 4% paraformaldehyde (PFA) and sample acquisition was 
performed via flow cytometry (Intellicyt, iQue Screener plus) utilizing a robot arm (PAA). All 
events were gated on single cells and bead positive events, the median of C3 positive events is 
reported. All samples were run in duplicate on separate days. 

Statistical analysis. Analysis of immunologic, virologic, and body weight data was performed 
using GraphPad Prism 8.4.2 (GraphPad Software). Comparison of data between groups was 
performed using two-sided Mann-Whitney tests. Mortality was assessed by two sided Fisher's 
exact tests. Correlations were assessed by two-sided Spearman rank-correlation tests. P-values 
of less than 0.05 were considered significant. All systems serology data were log10 
transformed. For the radar plots, each antibody feature was normalized such that its minimal 
value is O and the maximal value is 1 across groups before using the median within a group. A 


principal component analysis (PCA) was constructed using the R version 3.6.1 package 'ropls' 
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to compare multivariate profiles. For the visualization in the heatmap, the differences in the 
means of the S.4dTM.PP and S.PP groups of z-scored features were shown. To indicate 
significances in the heatmaps, a Benjamini-Hochberg correction was used to correct for multiple 
comparisons within a row. 

EXAMPLE 22: A Randomized, Double-blind, Placebo-controlled Phase 3 Study to Assess 
the Efficacy and Safety of Ad26.COV2.S for the Prevention of SARS-CoV-2-mediated 
COVID-19 in Adults Aged 18 Years and Older 

A Randomized, Double-blind, Placebo-controlled Phase 3 Study to Assess the Efficacy and 
Safety of Ad26.COV2.S for the Prevention of SARS-Cov-2-mediated COVID-19 in Adults Aged 
18 Years and Older is performed. 

Ad26.C0V2.S is a monovalent vaccine composed of a recombinant, replication-incompetent 
adenovirus type 26 (Ad26) vector, constructed to encode the severe acute respiratory syndrome 
coronavirus-2 (SARS-Cov-2) spike (S) protein, as described herein. 

This is a multicenter, randomized, double-blind, placebo-controlled, Phase 3, pivotal efficacy 
and safety study in adults 18 years of age. The efficacy, safety, and immunogenicity of 
Ad26.C0V2.S will be evaluated in participants with higher risk for COVID-19 (based on age, 
gender, race/ethnicity, profession, comorbidity) living in, or going to, locations with high SARS- 
CovV-2 activity, after administration of 2 doses of study vaccine. 

Participants will be randomized in parallel in a 1:1 ratio to receive intramuscular (IM) injections 
of Ad26.COV2.S or placebo as shown in the table below. Ad26.COV2.S will be administered at 
a dose level of 1x10"? virus particles (vp), or at a dose level of 1 x 10%0in a one or two dose 
schedule. 

It is intended that a minimum of approximately 25% of recruited participants will be 260 years of 
age and a maximum of approximately 25% of recruited participants will be =18 to <40 years of 
age 

A staggered enrollment strategy will be used: 

. Stage 1: Initially, 1,000 participants without comorbidities that are associated with 
increased risk of progression to severe COVID-19 (including 500 Ad26.COV2.S recipients and 
500 placebo recipients; egqually distributed between age groups) will be enrolled in 2 age- 
dependent subgroups (218 years to <60 years of age in Stage 1a and 60 years of age in Stage 
1b), based on acceptable Day 29 safety and adequate immunogenicity data, including T-helper 
1/T-helper 2 (Th1/Th2), from the corresponding age groups of the first-in-human (FIH) study 
VAC31518C0V1001 (see body of this document for more details). 
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. Stage 2: After a vaccination pause in Stage 1 to allow the Independent Data Monitoring 
Committee (IDMC, also known as an Data Safety Monitoring Board [DSMB]) to examine 3-day 
safety data (consisting of all Grade 4 AEs and all SAES), if no safety concerns are identified 
enrollment will proceed, expanding enrollment to include participants with comorbidities that are 
associated with increased risk of progression to severe COVID-19 in 2 age-dependent 
subgroups (218 years to <60 years of age in Stage 2a and 260 years of age in Stage 2b). 
Comorbidities (or risk factors) that are or might be associated with an increased risk of 
progression to severe COVID-19 include: moderate-to-severe asthma; chronic lung diseases 
such as chronic obstructive pulmonary disease (COPD) (including emphysema and chronic 
bronchitis), idiopathic pulmonary fibrosis and cystic fibrosis; diabetes (including type 1, type 2, 
or gestational); serious heart conditions, including heart failure, coronary artery disease, 
congenital heart disease, cardiomyopathies, and (pulmonary) hypertension or high blood 
pressure; obesity (body mass index [BMI] 230 kg/m2); chronic liver disease, including cirrhosis; 
sickle cell disease; thalassemia; cerebrovascular disease; neurologic conditions (dementia); end 
stage renal disease; organ transplantation; cancer; human immunodeficiency virus (HIV) 
infection and other immunodeficiencies hepatitis B infection; sleep apnea; Parkinson's disease; 
seizures; ischemic strokes; Intracranial hemorrhage; Guillain-Barre syndrome; encephalopathy; 
meningoencephalitis; and participants who live in nursing homes or long-term care facilities. For 
details and exceptions, refer to the exclusion criteria in this document. 

The duration of individual participation, including screening, will be maximum 2 years and 3 
months. If a participant is unable to complete the study, but has not withdrawn consent, an early 
exit visit will be conducted. The end-of-study is considered as the completion of the last visit for 
the last participant in the study. 

Key efficacy assessments include the surveillance for COVID-19-like signs and symptoms, 
recording of COVID-19-related hospitalizations and complications, and the laboratory 
confirmation of SARS-Cov-2 infection by a molecular assay (based on RT-PCR) and by anti- 
SARS-CovV-2 serology. Immunogenicity assessments, and especially assessments of the 
humoral immune responses with emphasis on neutralizing and binding antibodies will also be 
performed. Key safety assessments will include the monitoring of solicited and unsolicited AEs 
(in the Safety Subset only), and the collection of SAEs and MAAESs in all participants. The viral 
load of SARS-Cov-2 will be assessed in confirmed COVID-19 cases. Biomarkers correlating 
with SARS-Cov-2 infection and COVID-19 severity will also be studied. Medical resource 
utilization (MRU) following vaccination will be recorded for all participants with moleculariy 


confirmed, symptomatic COVID-19. At selected sites, additional baseline characteristics related 
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to current work situation, living situation, and community interactions may be collected for 
covariate analyses, if allowed per local regulations. 

Until 1 year after the 2nd vaccination, each participant will be asked at least twice a week, 
through the electronic clinical outcome assessment (eCOA), if they have experienced any new 
symptoms or health concerns that could be related to infection with SARS-CovV-2. As of 1 year 
after the 2nd vaccination, until the end of the 2-year follow-up period, the frequency of this 
surveillance question through the eCOA will decrease to once every 2 weeks. All participants 
remain to be monitored for enhanced disease until the last study visit. For all participants that 
are lost to follow-up through eCOA and hospitalization has not been recorded, every effort will 
be made to document their status. 

All participants with COVID-19-like signs or symptoms meeting the prespecified criteria for 
suspected COVID-19 on COVID-19 Day 1-2 and Day 3-5 should undertake the COVID-19 
procedures (as described in body of this protocol) until 14 days after symptom onset (COVID-19 
Day 15) or until resolution of the COVID-19 episode, whichever comes last, unless it is 
confirmed that both nasal swabs collected on COVID-19 Day 1-2 and Day 3-5 are negative for 
SARS-Cov-2. Resolution of the COVID-19 episode is defined as having 2 consecutive SARS- 
CovV-2 negative nasal swabs and 2 consecutive days with no COVID-19-related signs or 
symptoms. At the time of resolution of the COVID-19 episode, the collected information will be 
applied against the clinical case definition. 

All necessary precautions (as per local regulation) should be taken to protect medical staff and 
other contacts of participants who are suspected to have COVID-19 until proven negative by 
molecular techniques or who are positive AND meet the prespecified criteria for suspected 
COVID-19 on COVID-19 Day 1-2 and Day 3-5 until they are no longer positive. In the event ofa 
confirmed SARS-Cov-2 infection, the participant and participants medical care provider and/or 
local health authorities (if required) will be notified, and the participant will be asked to adhere to 
the appropriate measures and restrictions as defined by local regulations. 

Case Definition for Moderate to Severe COVID-19 

For the primary endpoint, all moderate and severe/critical COVID-19 cases will be considered. 
Case Definition for Moderate COVID-19 

A SARS-Cov-2 positive RT-PCR or molecular test result from any available respiratory tract 
sample (e.g., nasal swab sample, sputum sample, throat swab sample, saliva sample) or other 
sample 

AND at any time during the course of observation: 

Shortness of breath (difficulty breathing) 
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OR 
Any 1 of the following new or worsening signs AND any 1 of the following new or worsening 
symptoms: 

Signs Symptoms 

Respiratory rate 220 breaths/minute Fever (=38.0*C or =100.4*F) 


Abnormal saturation of oxygen (SpO>) but still Cough 
>93% on room air at sea level* 


Heart rate 290 beats/minute Sore throat 
Clinical or radiologic evidence of pneumonia  Malaise as evidenced by 1 or more of 
the following: 


- Loss of appetite 
- Generally unwell 
- Fatigue 
- Physical weakness 

Radiologic evidence of deep vein thrombosis  Headache 

(DVT) 
Muscle pain (myalgia) 
Gastrointestinal symptoms (diarrhea, 
vomiting, nausea, abdominal pain 

* SpO» criteria will be adjusted according to altitude. 


OR 
Any 2 of the following new or worsening symptoms: 


Fever (=38.0*C or =100.4*F) 

Shaking chilis or rigors 

Cough 

Sore throat 

Malaise as evidenced by 1 or more of the following elements*: 
- loss of appetite 

- generally unvell 

- fatigue 

- physical weakness 

Headache 

Muscle pain (myalgia) 

Gastrointestinal symptoms as evidenced by 1 or more of the following elements*: 
- diarrhea 

- vomiting 

- nausea 

- abdominal pain 

Red or bruised looking feet or toes 


New or changing olfactory or taste disorders 
*Having 2 or more elements of a symptom (eg, vomiting and diarrhea or fatigue and loss of 


appetite) is counted only as 1 symptom for the case definition. To meet the case definition, a 
participant would need to have at least 2 different symptoms. 
Case Definition for Severe/Critical COVID-19 
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A SARS-Cov-2 positive RT-PCR or molecular test result from any available respiratory tract 
sample (e.g., nasal swab sample, sputum sample, throat swab sample, saliva sample) or other 
sample 

AND any 1 of the following at any time during the course of observation: 

Clinical signs at rest indicative of severe systemic iliness (respiratory rate 230 breaths/minute, 
heart rate 2125 beats/minute, oxygen saturation (SpO2) <93% on room air at sea level“, or 
partial pressure of oxygen/fraction of inspired oxygen (Pa0O2/FiO02) <300 mmHg) 

* SpO» criteria will be adjusted according to altitude. 

Respiratory failure (defined as needing high-flow oxygen, non-invasive ventilation, mechanical 
ventilation, or extracorporeal membrane oxygenation [ECMO]) 

Evidence of shock (defined as systolic blood pressure <90 mmHg, diastolic blood pressure <60 
mmHg, or requiring vasopressors) 

Significant acute renal, hepatic, or neurologic dysfunction 

Admission to the ICU 

Death 

Case Definition for Mild COVID-19 

A SARS-Cov-2 positive RT-PCR or molecular test result from any available respiratory tract 
sample (eg, nasal swab sample, sputum sample, throat swab sample, saliva sample) or other 
sample; 

AND at any time during the course of observation: 

One of the following symptoms: fever (=238.0*C or =100.4*F), sore throat, malaise (loss of 
appetite, generally unwell, fatigue, physical weakness), headache, muscle pain (myalgia), 
gastrointestinal symptoms, cough, chest congestion, runny nose, wheezing, skin rash, eye 
irritation or discharge, chills, or new loss of taste or smell. 

A case is considered clinically mild when it meets the above case definition but not the 
moderate to severe/critical definition. 

Example 23. A randomized, double-blind, placebo-controlled, first-in-human (FIH) Phase 
1/2a multicenter study in adults aged 218 to <55 years and aged 265 years evaluating the 
safety, reactogenicity, and immunogenicity of Ad26.COV2.S 

A phase 1/2a randomized, double-blinded, placebo-controlled clinical study was designed that 
assesses the safety, reactogenicity and immunogenicity of Ad26.C0V2.S, a non-replicating 
adenovirus 26 based vector expressing the stabilized pre-fusion spike (S) protein of SARS-Cov- 
2 , according to the invention, administered at a dose level of 5x1010 or 1x1011 viral particles (vp) 


per vaccination, either as a single dose or as a two-dose schedule spaced by 56 days in healthy 
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adults (18-55 years old; cohort 1a; n=377) and healthy elderly (>65 years old; cohort 3; n=394). 
Vaccine elicited S specific antibody levels were measured by ELISA, neutralizing titers were 
measured in a wild-type virus neutralization assay (wWtVNA). Th1 and Th2 were assessed by 
intracellular cytokine staining (ICS). 

Methods 

STUDY DESIGN AND PARTICIPANTS 

The study is a multi-center, randomized, double-blind, placebo-controlled trial to evaluate safety, 
reactogenicity, and immunogenicity of Ad26.COV2.S at 5x1010 vp or 1x10"! vp, administered 
intramusculariy (IM) as single-dose or two-dose schedules, 8 weeks apart, in healthy adults 18- 
55 and >65 years of age. Overview of the clinical trial is given in FIG. 101. 

Ad26.CO0V2.8 is a recombinant, replication-incompetent Ad26 vector encoding an engineered 
version of the SARS-CovV-2 S protein derived from the first clinical isolate of the Wuhan strain 
(Wuhan, 2019, whole genome sequence NC_045512), as described herein. The study was 
performed at multiple clinical sites in Belgium and US. All subjects were screened for COVID-19 
by collection of nasal samples for PCR, which if positive would exclude them and by locally 
available serological assays for detection of previous infection with SARS,-CoV-2 with a 
maximum of 25 seropositive participants allowed between Cohort 1a and Cohort 3. The study 
was reviewed and approved by the institutional review boards. All participants provided written 
informed consent before enrollment. 

RANDOMIZATION AND BLINDING 

402 eligible participants 18-55 years of age and 405 participants >65 years of age were 
randomly assigned to receive one or two vaccinations with either a 5x1010 or 1x1011 vp dose of 
vaccine, or placebo (PL) (1:1:1:1:1 per age group): 5x101%p/5x101%p; 5x101%p/PL; 1x1011vp/ 
1x101'vp; 1x1011'vp/PL:; or PL/PL (Fig. 101). Randomization was done by an Interactive Web 
Response System (IWRS) and stratified by site using randomly permuted blocks. Participants 
and investigators will remain blinded throughout the study. Vaccine and placebo were provided 
in masked identical syringes. Sponsor and statisticians were group-unblinded for the interim 
analysis when all participants completed the Day 29 visit or discontinued earlier. 

ENDPOINTS 

Endpoints to support the primary objectives of safety and reactogenicity of each schedule were 
adverse events (AES) for 28 days after each vaccination, local and systemic reactogenicity for 7 
days after each vaccination, and serious adverse events (SAESs) throughout the study. AEs 
were graded according to FDA Guidance document “Toxicity Grading Scale for Healthy Adult 


and Adolescent Volunteers Enrolled in Preventive Vaccine Clinical Trials”. The secondary 
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endpoint was humoral immune response to the S protein of SARS-Cov-2 as demonstrated by S 
specific ELISA and by neutralizing titers against wild type SARS-Cov-2 in a wtVNA, and cellular 
immune responses as measured by ICS. 

PROCEDURES 

Participants received intramuscular (IM) injections of 5x101 vp or 1x10"! vp Ad26.COV2.S or 
placebo (0.9% saline) in a 1 mL volume in the deltoid muscle at day 1. Solicited AEs were 
collected on Diary cards for 7 days post vaccination, unsolicited AEs for 28 days after 
vaccination and SAEs throughout the course of the study. Blood samples for serum chemistry, 
hematology, and to determine immune readouts were and will be collected at several timepoints 
throughout the study; urine samples for pregnancy testing were collected before vaccination. 

At baseline and on day 29, Spike (S) specific binding antibodies were measured by ELISA. 
Seropositivity was defined as a titer >50.3 EU/mL. SARS-Cov-2 serum neutralizing antibody 
titers were measured in a wtVNA using the Victoria/1/2020 SARS-Cov-2 strain at Public Health 
England (PHE). Seropositivity in the wtVNA was defined as an IC5O titer >58. SARS-Cov-2 S 
specific T-cell responses were measured at baseline and on day 15 by intracellular cytokine 
staining (ICS) using two pools of S peptide pools of 15mers overlapping by 11. A Th1 response 
was characterized by CD4+ T cells expressing IFNg and/or IL-2 not IL-4, IL-5 and/or IL13 and a 
Th2 response was characterized by the expression of IL-4, IL-5 and/or IL-13 and CD40L by 
CD4+ T cells. All assays were conducted in a blinded fashion and are described below. 
SARS-Cov-2 wild-type virus neutralization assays: 

Neutralizing antibodies capable of inhibiting wild type virus infections were quantified using the 
wild type virus microneutralization assay (MNA) that was developed and qualified by Public 
Health England (PHE). The virus stocks used are derived from the Victoria/1/2020 strain. 

In brief, 6 two-fold serial dilutions of the heat-inactivated human serum samples were prepared 
in 96-well transfer plate(s). The SARS-Cov-2 wild-type virus was added sequentially to the 
serum dilutions at a target working concentration (approximately 100 plaque-forming units 
[PFU]/well) and incubated at 37*C with 5% CO2 supplementation for 60 to 90 minutes. The 
serum-virus mixture is then transferred onto assay plates, previously seeded overnight with 
Vero E6 African green monkey kidney cells and incubated at 37*C and 5% CO: for 60 to 90 
minutes before carboxymethyl cellulose (CMC) overlay medium addition and further incubation 
for 24 hours. Following this incubation, the cells were fixed and stained using an antibody pair 
specific for the SARS-Cov-2 RBD S protein and immunoplaques were visualized using 
TrueBlueTM substrate. Immunoplaques were counted using the Immunospot Analyzer from 


CTL. The immunoplaque counts were exported to SoftMaxpro and the neutralizing titer of a 
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serum sample is calculated as the reciprocal serum dilution corresponding to the 50% 
neutralization antibody titer (ID50) for that sample. 

Spike enzyme-linked immunosorbent assay (ELISA) 

SARS-Cov-2 Pre-Spike-specific binding antibody concentrations were determined using the 
human SARS-Cov-2 Pre-Spike IgG ELISA, an indirect ELISA which is based on the 
antibody/antigen interactions. The SARS-Cov-2 antigen used is a stabilized pre-fusion spike 
protein ((2P), Afurin, T4 foldon, His-Tag) produced in ES-293 cells. The ELISA was developed 
and qualified for human serum at Nexelis, Laval, Canada. 

In brief, purified SARS-Cov-2 Pre-Spike Antigen was adsorbed to the wells of a microplate and 
diluted serum samples (test samples, standard, and quality controls) were added. Unbound 
sample was washed away, and enzyme-conjugated anti-human IgG added. After washing 
excess conjugate away, 3,3',5,5-Tetramethylbenzidine (TMB) colorimetric substrate was added. 
After the established time period, the reaction was stopped. A reference standard on each 
tested plate was used to quantify the amount of antibodies against SARS-Cov-2 Pre-Spike in 
the sample according to the unit assigned by the standard (ELISA Laboratory Unit per milliliter: 
ELU/mL). 

Intracellular Cytokine Staining (ICS) 

T-cell responses to the S protein of SARSCoV2 were characterized by a 27-color ICS qualified 
at the HIV Vaccine Trials Network Laboratories, Fred Hutchinson Cancer Research Center 
(HVTN, FHCRO), Seattle, WA, United States. 

Cryopreserved peripheral blood mononuclear cells (PBMC) were thawed and rested overnight, 
then stimulated for 6 hours at 37*C with two consensus peptide pools covering the entire length 
of the SARSCoV2 S protein, with dimethyl sulfoxide (DMSO) (negative control) or 
staphylococcal enterotoxin B (SEB) (positive control). Brefeldin A was included during the 
stimulation to prevent cytokine release. Cells were stained first with the viability dye, second 
with the extracellular antibody cocktail, then fixed and permeabilized and stained with the 
antibody cocktail for intracellular markers, including Th1 and Th2 cytokines. Cell fluoerescence 
was acquired with 5-laser 30-parameter Becton-Dickinson FACSymphony cytometers and 
analyzed using the FlowJo software. 

STATISTICAL METHODS 

This study was designed to assess safety and immunogenicity. Safety data were analyzed 
descriptively in the full analysis set and immunogenicity data were analyzed in the per protocol 
immunogenicity population. SARS-CovV-2 Spike (S) binding antibody titers expressed as ELISA 


Unit per milliliters (EU/mL) and neutralizing antibody titers in the wtVNA, expressed as the 
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reciprocal serum dilution neutralizing 50% of the test virus dose (50% inhibitory concentration 
[IC50]), are displayed on a log10 scale and described using GMT and 95% confidence intervals 
(Cls). For both assays, seroconversion was defined as having an antibody titer above the lower 
limit of quantification (LLOQ) post vaccination if the baseline titer was below the LLOG, or a 4- 
fold increase over baseline post vaccination if the baseline titer was above the LLOQ. ICS 
responses were described as % of parent population. Sample positivity was determined with a 
one-sided Fisher's exact test comparing non-stimulated vs S peptide stimulated wells. LLOQ 
was 0.22% and non-quantifiable values were imputed to LLOQ/2. Th1/Th2 ratio was calculated 
if the Th1 and/or Th2 responses were positive and was above 2xLLOQ. If the Th1 or Th2 
response from a participant was not fulfilling these criteria, the Th1/Th2 ratio was considered as 
above 1 if no Th2 response and below 1 if no Th1 response. 

Results 

STUDY PARTICIPANTS 

Participants were screened as of July 13, 2020, vaccinations of cohort 1a and 1b participants 
(age 18-55) were initiated on July 22, 2020 (cohort 1a), on July 22, 2020 (Cohort 1b) and first 
vaccinations were completed for Cohort 1a on August 4, 2020 and for cohort 1b on August 7, 
2020. 575 volunteers were screened, of whom 380 were enrolled in cohort 1a (377 vaccinated) 
and 28 were screened and 25 enrolled in cohort 1b (25 vaccinated) (FIG. 102A and 102B, 
respectively). 7 (1.7%) participants were seropositive for SARS-Cov-2 at screening, 
seropositivity rate for Ad26 will be reported later. Vaccinations of cohort 3 participants (age >65) 
were initiated on August 3, 2020 and first vaccinations were completed on August 24, 2020. 660 
volunteers were screened, of whom 405 were enrolled (394 vaccinated) (FIG. 102C). 
Immunogenicity results of only the first 15 participants of cohort 3 were available. Baseline 
characteristics were broadly comparable across groups. 

VACCINE SAFETY AND REACTOGENICITY 

Solicited AEs were collected on Diary cards for 7 days post vaccination, unsolicited AEs for 28 
days after vaccination and SAEs throughout the course of the study. In order for the participants 
and investigators evaluating the participants in these two studies to remain blinded, safety data 
is presented without group unblinding in this interim report. 

In cohorts 1a and 1b (age 18- <55 years of age) the investigator's assessment of reactogenicity 
is available for 402 participants, of whom 288 (72%) participants have reported solicited AES. 
Solicited local AEs were reported in 235 (58%) participants — mostly grade 1/grade 2. Three 
participants reported grade 3 pain/tenderness. The most frequent AE was injection site pain. 


Solicited systemic AEs were reported for 258 (64%) participants, mostly grade 1/grade 2, with 
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grade 3 systemic AEs reported for 46 (11%) participants. The most frequent AEs were fatigue, 
headache and myalgia. Fever was reported for 76 (19%) participants, with grade 3 fever 
reported for 22 (5%) participants. Overall, 98 participants have reported 178 unsolicited AEs 
with 12 reporting grade 3 AES. 

In cohort 3 (age 265) overall, investigator's assessment of reactogenicity is available for 394 
participants, of whom 183 (46%) participants have reported solicited AEs. Solicited local AEs 
were reported in 108 (27%) participants, most of which were grade 1/grade 2, with 1 participant 
reporting grade 3 swelling and erythema. The most frequent AE was injection site pain. 
Solicited systemic AEs were reported in 140 (36%) participants, most of which were grade 
1/grade 2, with 3 participants reporting grade 3 AEs. The most frequent AEs were headache, 
fatigue and myalgia. Mild or moderate fevers of grade 1 or 2 was reported in14 (4%) 
participants, only 1 of which was grade 2. There were no high or other fevers that restricted 
daily living activities (Grade 3) reported in cohort 3. Overall, 46 participants have reported 77 
unsolicited AEs. 4 participants have reported unsolicited grade 3 AEs. No grade 4 AES, solicited 
or unsolicited, were reported in any cohort. 

No participant discontinued the study due to an AE. There were two SAEs: one hypotension 
judged by the investigator to not be vaccine related because of a past history of recurrent 
hypotension and one participant with fever was hospitalized overnight because of suspicion of 
COVID-19 and recovered within 12 hours. 

IMMUNOGENICITY OF Ad26.COV2.S 

Antibodies against a stabilized SARS-Cov-2 full length Spike protein were measured by ELISA. 
In cohort 1a, 94% and 98% of the participants at baseline had geometric mean titers (GMTs) to 
SARS-CovV-2 S protein below the LLOQ which at day 29 after vaccination, had increased to 528 
(95%C1: 442;630) and 695 (95% CI: 596;810), for the 5x10 and 1x10"! vp dose groups, 
respectively, with 99% seroconversion in each dose group (FIG. 103A). 88% (7/8) and 67% 
(2/3) of the cohort 1a participants that were seropositive at baseline demonstrated the preset 
criterion of a 4-fold increase in binding antibody titer to be considered a vaccine responder, for 
the 5x1010 and 1x10"! vp dose groups, respectively. All 15 first enrolled participants in cohort 3 
were seronegative at baseline and seroconverted by 29 days post vaccination with GMTs of 507 
(95% CI: 181; 1418) and 248 (95% CI: 122; 506), for the 5x10% and 1x10"! vp doses, 
respectively. GMTs of 899 were observed in the human convalescent serum (HCS) panel used 
in this study, with an overlap in the 95% CI of the GMT for both doses in each cohort, indicating 


no major difference with vaccine elicited titers. 
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In a subset of participants (n=50 for each of the 5x10 vp and 1x10"! vp dose group), SARS- 
Cov-2 neutralizing antibody levels were measured by wtVNA. In cohort 1a, GMTs <LLOQ at 
baseline for both dose groups increased to IC50 GMTs of 214 (95% CI: 177; 259) and 243 (95% 
CI: 200; 295) for the 5x1010 and 1x10" vp group, respectively, on day 29. Similar results were 
observed in the sentinel group of cohort 3, with a GMT <LLOQ at baseline that increased to 
GMTs of 196 (95% CI: 69; 560) and 127 (95% CI: <LLOQ; 327) for the 5x1010 and 1x10"! vp 
group, respectively, at day 29 (FIG. 103B). For comparison, a GMT of 522 was measured in the 
HCS panel used in this analysis, with an overlap in the 95% CI of the GMT between HCS panel 
and both dose groups and cohorts. Several vaccine study samples reached the upper limit of 
quantification (ULOQ = 640) for vaccine sample analysis run and are being reanalyzed. Testing 
of a higher dilution of the sample will allow for the determination of higher titers with a higher 
ULOQ. HCS samples were tested at higher dilution than vaccine study samples, therefore some 
of these samples have a titer above the ULOQ presented here. At day 29 post vaccination, 98% 
of participants in cohort 1a were positive for neutralizing antibodies against SARS-Cov-2, 
independent of vaccine dose that was given. The seroconversion rate at day 29 was 92% for 
poth the 5x101 and 1x10"! vp group in cohort 1a and, 100% (6/6) and 83% (5/6) for the 5x1010 
and 1x10" vp group in cohort 3. In cohort 1a, a total of 82% and 94% of participants in the 
5x1010 and 1x10"! vp group, respectively, reached titers greater than 100, indicative of a robust 
response induced in the vast majority of the participants after a single vaccination with 
Ad26.CO0V2.S. The wtVNA and S-ELISA cohort 1a titers highly correlated, with a Spearman 
correlation of 0.86. Data from a pseudovirus expressing SARS-Cov-2 S protein neutralization 
assay are pending and will be included in the full publication of our post dose 1 interim analysis. 
SARS-CovV-2 S specific CD4+ and CD8+ T cell responses were characterized in a subset of 
study participants at baseline and 15 days post vaccination. Following stimulation with peptides 
covering the whole S protein, CD4+ Th1 responses increased from undetectable at baseline to 
0.08% (95% CI: 0.05; 0.16) and 0.11 (95% CI: 0.07; 0.16) 15 days post vaccination for the 
5x1010 and 1x10"! vp group, respectively, in cohort 1a participants, and from non-detectable at 
baseline to 0.36% (95% CI: 0.15; 0.89) and 0.13 (95% CI: 0.04; 0.50) for the 5x10% and 1x1011 
Vp group, respectively, in the sentinel group of cohort 3 (FIG. 103C). 76% (95% CI: 65; 86) and 
83% (95% CI: 73; 91) Th1 positive responses were observed for recipients of the 5x1010 and 
1x10"! vp dose, respectively, in cohort 1a. In the first 15 participants of cohort 3, 100% (95% CI: 
54; 100) and 67% (95% CI: 22; 96) Th1 positive responses were observed in recipients of the 
5x1010 and 1x10"! vp dose, respectively. No Th2 responses were quantifiable (values imputed 


to LLOQ/2) in either cohort, with the exception of one participant in the 5x10" vp group in cohort 
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1a (FIG. 103C). However, the Th1/Th2 ratio for this participant was 28.9, indicative of a Th1- 
skewed phenotype. In all other participants that had measurable Th1 and/or Th2 responses, the 
Th1/Th2 ratio ranged from 1.0 to 68.5. Overall, these data indicate that Ad26.COV2.S induced 
Th1-skewed responses in both age groups. 

S specific CD8+ T cell responses were identified by the expression of IFNg and/or IL-2 
cytokines upon S peptide stimulation (FIG. 103D). 15 days post vaccination, the magnitude of S 
specific CD8+ T cell responses was 0.07% (95% CI: 0.03; 0.19) and 0.09% (95% CI: 0.05; 0.19) 
for the 5x101'0 and 1x10! vp group, respectively, in cohort 1a, and 0.05% (0.02; 0.24) for and to 
0.07% (0.02; 0.14) for the 5x10% and 1x10"! vp group, respectively, in cohort 3. 51% (95% CI: 
39; 63) and 64% (95% CI: 52; 75) of participants had a positive CD8+ T cell response to S 
peptide stimulation for the 5x10" and 1x10"! vp group, respectively, in cohort 1a, and 33% 
(95% CI: 4%; 78%) of participants of both dose groups in cohort 3 showed a robust vaccine 
induced CD8+ T cell response. 

DISCUSSION 

The interim analysis of our Phase 1/2a study shows that the vaccine candidate Ad26.COV2.S 
has an acceptable safety and reactogenicity profile and is immunogenic at both a 5x10" vp or 
1x1011 vp dose. 

A single dose of Ad26.COV2.5 elicited strong humoral responses in the vast majority of 
vaccine recipients. S-binding antibody levels as measured by ELISA increased from baseline to 
day 29 post vaccination in 99% of the participants in cohort 1a and 100% of the first participants 
in cohort 3, independent of the vaccine dose level that was given. Similarly, high response rates 
were observed in a wtVNA. 29 days post vaccination 98% of the participants had detectable 
neutralizing antibodies. 92% of Cohort 1a participants and respectively 6 out of 6, and 5 out of6 
recipients of the 5x10% vp and 1x10"! vp dose in cohort 3, seroconverted for SARS-Cov-2 
neutralizing antibodies. In cohort 1a, 84% to 92% of the participants had a neutralizing antibody 
titer above 100. The neutralizing antibody responses in nearly all participants reported here 
were obtained after a single dose of Ad26.COV2.S. 

These clinical data indicate that Ad26.COV2.S at both dose levels induces a strong neutralizing 
antibody response in the vast majority of the healthy young and older participants in stable 
health. Although only a limited number of participants of cohort 3 were included in the analysis 
so far, the similar immunogenicity of Ad26.COV2.S in adults aged 18-55 and adults aged >65 
as observed here is encouraging as protection of elderly who are at much higher risk for 
developing severe COVID-19 is extremely important, notably to achieve a reduction of the 


pressure on health care systems during this pandemic. Compared to COVID-19 human 
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convalescent sera, the levels of binding and neutralizing antibodies induced by Ad26.COV2.S 
seemed to be lower, albeit in the same range for most participants. However, the significance of 
this comparison is not yet established due to the variability of the composition of human serum 
panels as well as non-standardization of convalescent serum antibody assays. Using a different 
HCS panel, the comparison (ratio) with vaccine sample titers would be different. Demographics 
such as age, disease severity, and time since disease onset and the number of samples in the 
panel could have an impact on the level of antibody measured making a proper comparison to 
vaccine samples arbitrary. 

Previous experience with animal models of SARS-Cov and MERS-Cov vaccines have raised 
concerns about vaccine-associated enhanced respiratory disease (VAERD). Association 
between this safety concern and poor neutralizing potency of humoral immunity and Th2- 
skewing has been suggested. Here it is shown that Ad26.COV2.S elicited T cell responses were 
overwhelmingly Th1 skewed with no or very low Th2 responses. Indeed, in all responders, the 
Th1/Th2 ratio was above 1, in line with our previous experience with the Ad26 based vaccine 
platform. This robust Th1 response was accompanied by strong CD8+ T cell response following 
vaccination. Overall robust induction of CD4+ Th1 and CD8+ T cell responses, in addition to 
strong humoral responses elicited by Ad26.COV2.S minimizes the theoretical risk of VAERD. 
Obviously, an efficacious single-dose COVID-19 vaccine would have great advantages over a 
two-dose vaccine schedule for use in the current pandemic and significantly increase the 
probability of an immediate impact on the time frame in which the SARS-Cov-2 pandemic could 
pe controlled. Provided the immune responses elicited by a single dose of Ad26.C0V2.S can 
protect against SARS.CovV.2 infection or COVID-19, an important unknown is the durability of 
this immune response. Data on the durability of the immune response elicited by a single dose 
of Ad26.COV2.S as well as on the immune response after a second dose of Ad26.CO0V2.S will 
become available from this ongoing ph1/2a study. 

In conclusion, the safety profile and immunogenicity after a single vaccination are supportive for 
the further clinical development of Ad26.COV2.S as a potentially protective vaccine against 
COVID-19. This interim analysis indicates that a single dose of Ad26.COV2.S, either with a 
dose of 5x10 vp or 1x10"! vp, is safe, well tolerated and highly immunogenic. Based on similar 
immunogenicity of both dose levels, the 5x10" vp dose has been selected for further 
evaluation. In a first Phase 3 study, the efficacy of a single dose of 5x101 vp of the 
Ad26.C0V2.S vaccine candidate will be evaluated. An additional Phase 3 study is in 
preparation to assess the efficacy and durability of immunity of a two dose schedule with the 
5x1010 vp Ad26.COV2.S vaccine. 
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Example 24. A randomized, double-blind, placebo-controlled, first-in-human (FIH) Phase 
1/2a multicenter study in adults aged 218 to <55 years and aged 265 years evaluating the 
safety, reactogenicity, and immunogenicity of Ad26.C0V2.S - Cohort 3 Interim Analysis 
Immunogenicity Report 

This Cohort 3 interim analysis includes group unblinded humoral immunogenicity data from wild- 
type virus neutralization assay (wtVNA) and enzyme-linked immunosorbent assay (ELISA), 
collected up to (and including) the 28-day post-first dose visit (Day 29). In addition, cellular 
immunogenicity data from intracellular cytokine staining (ICS) collected up to (and including) the 
14-day post-first dose visit (Day 15) for a subset of participants, is described. 

OBJECTIVES AND ENDPOINTS 

The objectives/endpoints of this study, applicable to the interim analysis of Cohort 3, are 


provided below: 


Objectives Endpoints 


Secondary 


To assess the humoral and cellular Humoral Immune Response 

immune response to Ad26.COV2.S. All participants in Cohort 3: 

e  SARS-CoV-2 neutralization titers in serum 
measured by psVNA:2 or wtVNA. 

e  SARS-CovV-2 binding antibodies measured by 
ELISA. 


Cellular Immune Response 
A subset of participants in Cohort 3: 


e TȚhelper(Th) 1and Th2 immune responses 
as assessed by flow cytometry after SARS- 
Cov-2 S protein peptide stimulation of 
peripheral blood mononuclear cells (PBMCs) 
and ICS including CD4*/CD8*, interferon 
gamma (IFNy), interleukin (IL)-2, tumor 
necrosis factor alpha (TNF-ay, IL-4, IL-5, IL- 
13, and/or other Th1/Th2 markers. 


PTNF-a is not included in the Cohort 3 interim immunogenicity analysis 


METHODS 

Overview of Study Design 

The study design was described in Example 23. 

Immunogenicity 

For humoral immunogenicity (wtVNA and ELISA), a sample will be considered positive if the 
value is strictly greater than the LLOQ (>LLOQ). The responder definition for humoral 


immunogenicity is defined as: 
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- The baseline sample value is less than or equal to the LLOQ (<LLOQ) and the post-baseline 
sample is strictly greater than the LLOQ (>LLOQ) 

- The baseline sample value is strictly greater than the LLOQ (>LLOQ) and the post-baseline 
sample value represents an at least 4-fold (24-fold) increase from the baseline sample value. 
For cellular immunogenicity (ICS), positivity of a sample is defined by the Fisher's exact text that 
compares mock and stimulated conditions. 

Assessment of Th1/Th2 response ratio 

Based on the combined SARS-Cov2-S peptide pool, and using post baseline time points only, a 
Th1/Th2 response ratio will be calculated for samples that satisfy at least one of the following 
two conditions: 

- a Th1 response (“IFN-g or IL2 NOT TH2”) that is both positive and = 2 x LLOQ, 

or 

- a Th2 response (“IL4 or IL5 or IL13 and CD40L) that is both positive and 2 2 x LLOQ 

For the purposes of the Th1/Th2 ratio analysis, the LLOQ is 0.022% for both cell populations 
(Th1 and Th2). 

If both cell populations (Th1 and Th2) are positive and = 2 x LLOQ, then the ratio of Th1/Th2 will 
be calculated as a numerical result. 

If only one cell population (either Th1 or Th2) is positive and = 2 x LLOQ, then the following 
rules will be used to determine a qualitative assessment of the Th1/Th2 ratio: 

- If one cell population is positive and the other is negative, then the positive cell population is 
greater than the negative cell population: if the Th1 response is positive and the Th2 response 
is negative, then the Th1/Th2 ratio will be set to '>1”. If the Th1 response is negative and the 
Th2 response is positive, then the Th1/Th2 ratio will be set to “<1” 

- If both cell populations are positive, then the cell population that is 2 2 x LLOQ is greater than 
the cell population that is < 2 x LLOQ: if the Th1 response is > 2 x LLOQ and the Th2 response 
is < 2 x LLOQ, then the Th1/Th2 ratio will be set to “>1”. If the Th1 response is < 2 x LLOQ and 
the Th2 response is > 2 x LLOQ, then the Th1/Th2 ratio will be set to “<1”. 

RESULTS 

This Example describes the analysis of humoral immune response data (wtVNA and ELISA), 
collected in Cohort 3 up to (and including) the 28-day post-dose 1 visit (Day 29). In addition, this 
Example describes the cellular immune response data (ICS), collected in Cohort 3 up to (and 
including) the 14-day post dose 1 visit (Day 15) for a subset of participants. A summary of the 
immunogenicity data is provided below. 


Demographic and Baseline Characteristics 
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Participant demographics and baseline characteristics are summarized in Table 2. Most 
participants were white (09.5%). Overall, 50.1% of participants were female and 49.9% were 
male. The median age was 69.00 years (range: 65.0-88.0 years) and the median body mass 
index (BMI) was 25.700 kg/m2 (range: 16.60-29.90 kg/m2). Demographics and baseline 


characteristics were generally well balanced between vaccination groups. 


Table 2: Summary of Demographics and Baseline Characteristics; Cohort 3; Full 
Analysis Set (Study VAC31518C0V1001) 
All 

Ad26 5e10 Ad26 1e11 Placebo Subjects 
Analysis set: Full 161 161 81 403 
Age (years) 
N 161 161 81 403 
Mean (SD) 69.63 (3.990) 69.99 (4.249) 69.89 (3.732) 69.83 (4.040) 
Median 69.00 69.00 69.00 69.00 
Range (65.0; 83.0) (65.0; 88.0) (65.0; 79.0) (65.0; 88.0) 
65-75 years 148 (91.9%) 148 (91.9%) 74 (91.4%) 370 (91.8%) 
>75 years 13 (8.1%) 13 (8.1%) 7 (8.6%) 33 (8.2%) 
Sex 
N 161 161 81 403 
Female 77 (47.8%) 82 (50.9%) 43 (53.1%) 202 (50.1%) 
Male 84 (52.2%) 79 (49.1%) 38 (46.9%) 201 (49.9%) 
Undifferentiated 0 9) O O 
Race 
N 161 161 81 403 
White 158 (98.1%) 158 (98.1%) 81 (100.0%) 397 (98.5%) 
Black or African 
American 1 (0.6%) 2 (1.2%) O 3 (0.7%) 
Asian 9) 9) 9) 9) 
Native Hawaiian 
or other Pacific 
Islander 9) 9) 9) 9) 
American Indian 
or Alaska Native 1 (0.6%) 9) O 1 (0.2%) 
Multiple 9) 9) O O 
Unknown 1 (0.6%) 9) O 1 (0.2%) 
Not reported 9) 1 (0.6%) O 1 (0.2%) 
Ethnicity 
N 161 161 81 403 
Hispanic or 
Latino 1 (0.6%) 2 (1.2%) 3 (3.7%) 6 (1.5%) 
Not Hispanic or 
Latino 160 (99.4%) 159 (98.8%) 78 (96.3%) 397 (98.5%) 
Unknown 9) 9) O 9) 
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Table 2: Summary of Demographics and Baseline Characteristics; Cohort 3; Full 
Analysis Set (Study VAC31518C0V1001) 
All 

Ad26 5e10 Ad26 1e11 Placebo Subjects 
Not Reported 9) 9) 9) 9) 
Weight (kg) 
N 161 161 81 403 
Mean (SD) 73.917 

(11.8631) 73.584 (12.8941) 71.806 (13.5441) 73.360 (12.6223) 
Median 72.900 73.900 69.900 72.900 
Range (46.00; 109.10) (46.30; 108.90) (45.10; 98.90) (45.10; 109.10) 
Height (cm) 
N 161 161 81 403 
Mean (SD) 170.719 168.275 

(8.8360) 169.288 (9.8092) (10.5211) 169.656 (9.6068) 
Median 169.200 168.500 170.000 169.000 
Range (146.70; 193.00) (151.10; 193.00) (147.50; 193.20) (146.70; 193.20) 
BMI (kg/m2) 
N 161 161 81 403 
Mean (SD) 25.272 (2.8286) 25.515 (2.6968) 25.205 (3.1319) 25.356 (2.8370) 
Median 25.700 25.700 25.600 25.700 
Range (16.60; 29.90) (17.90; 29.90) (17.20; 29.80) (16.60; 29.90) 
Study Center 
N 161 161 81 403 
BE10001 21 (13.0%) 21 (13.0%) 10 (12.3%) 52 (12.9%) 
BE10002 12 (7.5%) 10 (6.2%) 5 (6.2%) 27 (6.7%) 
BE10003 14 (8.7%) 14 (8.7%) 7 (8.6%) 35 (8.7%) 
BE10004 28 (17.4%) 27 (16.8%) 14 (17.3%) 69 (17.1%) 
US10001 23 (14.3%) 25 (15.5%) 12 (14.8%) 60 (14.9%) 
US10003 21 (13.0%) 21 (13.0%) 11 (13.6%) 53 (13.2%) 
US10004 13 (8.1%) 14 (8.7%) 8 (9.9%) 35 (8.7%) 
US10006 15 (9.3%) 14 (8.7%) 7 (8.6%) 36 (8.9%) 
US10008 14 (8.7%) 15 (9.3%) 7 (8.6%) 36 (8.9%) 
SARS-CovV-2 
Seropositivity 
status at baseline 
N 161 161 81 403 
Positive 1 (0.6%) 2 (1.2%) 1 (1.2%) 4 (1.0%) 
Negative 160 (99.4% 159 (98.8% 80 (98.8% 399 (99.0% 


Note: Ns for each parameter reflect non-missing values. 
SD: Standard Deviation, Range: minimum value - maximum value 
Note: Ad26 5e10: Ad26.COV2.S 5x101 vp; Ad26 1e11: Ad26.COV2.S 1x1011 vp. 
AIL subject data up to September 21, 2020 are included. 
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Immunogenicity Results 

Data Sets Analyzed 

Analysis of the immunogenicity results was based on the per protocol immunogenicity 
population consisting of all randomized and vaccinated participants for whom immunogenicity 
data were available. Post-vaccination 1 immunogenicity results were pooled for groups 1 and 2 
(5x1010 vp) and for groups 3 and 4 (1x10! vp). 

In the full analysis set 1 participant in the 5x10" vp vaccine group, 2 participants in the 1x10"! 
vp vaccine group, and 1 participant in the placebo group were seropositive for SARS-COV-2 at 
baseline (Table 2). 

Humoral lImmune Responses 

Neutralizing antibodies in Cohort 3 COV1001 participants were measured in a wild-type 

virus neutralization assay. A random subset of 125 study participants (25 per group) was 
selected according to a pre-defined subset selection strategy (prospective random 

sampling stratified by vaccine assignment) by an unblinded independent external statistician. 
Neutralizing Antibody Responses Against SARS-Cov-2 

Wild-type Virus Neutralization Assay 

For this assay, a random subset of 125 study participants (25 per group) was selected 
according to a pre-defined subset selection strategy (prospective random sampling stratified by 
vaccine assignment) by an unblinded independent external statistician. 

Neutralizing antibody titers against SARS-Cov-2, as measured by wtVNA, are expressed as 
50% inhibitory concentration (IC50) units. Graphical representation of VNA responses against 
SARS-CoV-2 (geometric mean titers [GMTs] with corresponding 95% Cls) over time are 
presented in FIG. 106. 

At baseline, 47 participants in the 5x 1010 vp vaccine group, 45 participants in the 1x10"! vp 
vaccine group, and 24 participants in the placebo group did not have detectable SARS-Cov-2 
IC50 titers (Lower limit of quantification [LLOQ] for the assay was an IC50 of 58). Detectable 
baseline levels of SARS-CovV-2 IC50 titers, potentially indicative of previous SARS-Cov-2 
exposure, were observed in 2 participants in the 5x 101 vp vaccine group, 5 participants in the 
1x1011 vp vaccine group, and no participants in the placebo group (Fig. 106). 

At Day 15, 75% of participants in both the active vaccine groups reached IC5O titers greater 
than 100, indicating that a rapid, robust response was induced in the majority of participants. 
The responder rate at Day 15 was 87% for the 5x10 vp vaccine group and 83% the 1x10"! vp 
vaccine group. At Day 15, GMTs were 197 (95% CI:137; 284) and 180 (95% CI:117; 276) for 
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the 5*1010 vp and 1x1011 vp vaccine groups, respectively. The standard deviation (SD) at Day 
15 was similar for the two vaccine groups. 

Neutralizing antibody responses at Day 29 were comparable to Day 15 responses. At Day 29 a 
total of 81% of participants in the 5x 1010 vp vaccine group and 88% of participants in the 
1x1011 vp vaccine group reached IC50 titers greater than 100. The responder rate at Day 29 
was 90% for the 5x 1010 vp vaccine group and 91% the 1x10"1 vp vaccine group. At Day 29, 
GMTs were 221 (95% CI: 160; 307) and 210 (95% CI: 155; 285) for the 5x1010 vp and 1x10"! 
vp vaccine groups, respectively. The standard deviation (SD) was similar for the two vaccine 
groups. 

The magnitude of the neutralizing antibody response, and responder rates, may be 
underestimated by the current analysis, since post vaccination titers in some participants 
reached the upper limit of quantification (ULOQ) of the assay. These samples will be re- 
analyzed at a later stage, with higher dilutions, to allow for the determination of individual titers. 
Increased wtVNA titers were not observed in the placebo group at Day 15 or Day 29. 
Responder status was missing for three of the participants showing detectable levels of SARS- 
CoV-2 neutralizing antibodies at baseline. The remaining four participants, all in the active 
vaccine regimens, showed increased GMT at Day 15 and Day 29. However, not all of these 
participants met the predefined responder criteria. 

A trend for a decline in neutralizing antibody response with increasing age was not observed. 
When comparing the Cohort 3 and Cohort 1a neutralizing antibody data for both vaccine groups 
at Day 29, the magnitude of the antibody responses (GMT, Cohort 3 vs Cohort 1a: 221 vs 214 
for the 5x101'%p vaccine group and 210 vs 243 for the 1x1011 vp vaccine group) and responder 
rates in Cohort 3 are within the same range as Cohort 1a. 

The antibody levels at Day 29 of participants in the 5x1010 vp group who used (185 GMT, 78% 
responders) and those who did not use (238 GMT, 95% responders) antipyretics/analgesics 
post vaccination were similar. At Day 29, the antibody levels of participants in the 1x10" vp 
group who used (229 GMT, 90% responders) and those who did not use (202 GMT, 91% 
responders) antipyretics/analgesics post vaccination were also similar, indicating that the use of 
these medications does not appear to impact the neutralizing antibody response, as measured 
by wtVNA. 

The reverse cumulative distribution curves for the 5x1010 vp vaccine group and the 1x10" vp 
vaccine group were similar at both Day 15 and Day 29 (Fig. 107). 

Binding Antibody Responses Against SARS-CovV-2 S Protein (ELISA) 
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Descriptive statistics of SARS-Cov-2 S protein binding antibody responses induced by 
Ad26.C0V2.S, as measured by ELISA, actual values and fold increase from baseline (with 
corresponding 95% CI) are graphically represented in Fig. 108. 

Detectable baseline levels of SARS-Cov-2 S ELISA titers, potentially indicative of previous 
SARS-Cov-2 exposure, were observed in 2 participants in the 5x101 vp vaccine group, 3 
participants in the 1x10"! vp vaccine group, and 3 participants in the placebo group. One of 
these participants, who was in the 1x10"! vp vaccine group, showed SARS-COV-2 seropositive 
status at screening. 

The responder rate at Day 15 was 75% and 77% for the 5x10" vp and 1x10"! vp vaccine 
groups, respectively. The corresponding GMTs were 122 (95% CI: 97; 152) and 141 (95% CI: 
114; 175) for the 5x10" vp and 1x10"! vp groups, respectively (Fig. 108). An increase in protein 
binding antibodies was not observed in the placebo group. 

Binding antibody responses at Day 29 were higher than those seen at Day 15. The responder 
rate at Day 29 was 96% for both active vaccine groups. At Day 29, the GMTs were 312 (95% 
CI: 246; 396) and 350 (95% CI: 284; 431) for the 5x10" vp and 1x10"! vp groups, respectively. 
The SD was similar for the two vaccine groups. No increases in protein binding antibodies post 
vaccination, both in GMT and responder rates, were observed in the placebo group at both time 
points. 

A trend of declining binding antibody responses with increasing age within Cohort 3 was not 
observed. When comparing the Cohort 3 and Cohort 1a binding antibody data for both vaccine 
groups at Day 29, the magnitude of the antibody responses (GMT, Cohort 3 vs Cohort 1a: 312 
vs 528 for the 5x101%p vaccine group and 350 vs 695 for the 1x10"! vp vaccine group) in 
Cohort 3 are lower, but within the same range as Cohort 1a (FIG. 110). Binding antibody 
responder rates were comparable between Cohort 1a and Cohort 3, at 99% and 96%, 
respectively (FIG. 108 and FIG.110). 

The levels of binding antibodies at Day 15 and Day 29 in participants who used 
antipyretics/analgesics post vaccination were similar to those who did not. The GMT and 
responder rate of the 5x10 vp group at Day 29 who used antipyretics/analgesics was 357 and 
94%, respectively. The GMT and responder rate of the 5x10" vp group at Day 29 who did not 
use antipyretics/analgesics was 302 and 97%, respectively. 

The GMT and responder rate of the 1x10"! vp group at Day 29 who used 
antipyretics/analgesics was 357 and 94%, respectively. The GMT and responder rate of the 

5x 1010 vp group at Day 29 who did not use antipyretics/analgesics was 302 and 97%, 


respectively. 
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The reverse cumulative distribution curves for the 51010 vp vaccine group and the 1x10"! vp 
vaccine group were similar (FIG. 111). 

wtVNA versus ELISA 

Further examination of humoral assay correlations indicated that wtVNA titers highly correlated 
with ELISA titers at both Day 15 and Day 29, with Spearman Correlation coefficients of 0.734 
and 0.72; respectively (FIG. 112). The correlation is robust within the low and high range of both 
assays, indicating that the ELISA could be used as a surrogate for the wtVNA in future 
analyses. 

Cellular Immune Responses Against SARS-Cov-2 S Peptides 

The Th1 and Th2 responses were evaluated by ICS on Day 1 (pre-vaccination) and Day 15 
post-dose 1. PBMCs were collected in a subset of participants 

CD4+/CD8+ T Cell Responses (ICS) 

The induction of CD4+ and CD8+ T-cell responses was determined by ICS after stimulation of 
PBMC with SARS-Cov-2 S peptides (peptide pools S1 and S2). Measurement of T-helper (Th)1 
responses were characterized by the percentage of CD4+ T cells producing IFNy and/or IL-2 
and not IL-4, IL-5 and/or IL-13. A Th2 response was determined as the percentage of CD4+ T 
cells expressing IL-4 and/or IL-5/IL-13 and CD40L. This data was used to determine the 
Th1/Th2 ratio. Detection of CD8+ T cell responses was characterized by the percentage of 
CD8+ T cells producing IFNy and or IL-2. In the summary of CD4+ and CD8+ T cell responses 
below, the combined values for S1 and S2 peptide pools are presented and discussed. 

CD4+ T-cell Responses 

The percentage of CD4+ T cells expressing IFNy and/or IL-2 (Th1), and not Th2 cytokines, and 
expressing IL-4 and/or IL-5/IL-13 and CDA40L (Th2) are presented in FIG. 113. Combined 
regimen profile is provided in FIG. 114. 

Th1 responses 

Baseline Th1 responses were below the LLOQ (<0.022%) at Day 1, for both active vaccine 
groups and placebo. Median Th1 responses increased 14 days after vaccination to 0.09% 
(Q1;Q3: 0.04; 0.17) for participants in the 5x1010 vp vaccination group and to 0.11% (Q1;Q3: 
0.04; 0.15) for participants in the 1x10"! vp dose group (Figure 45). There was no increase in 
the Th1 response in the Placebo group 14 days after first vaccination. These responses are 
comparable to the younger adults from Cohort 1a, which showed median Th1 responses of 
0.08% (Q1;Q3: 0.05; 0.16) in the 5x10" vp vaccination group and 0.11% (Q1;Q3: 0.07; 0.16) in 
the 1x10"! vp dose group on Day 15. 
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The SD in the 5x10" vp vaccine group and the 1x10"! vp vaccine group were 0.41 and 0.36, 
respectively. 

A total of 60% (95% CI: 46%; 74%) of the participants in the 5x10 vp vaccine group and 67% 
(95% CI: 53%; 79%) of the participants in the 1x10"! vp vaccine group showed a CD4+ T cell 
response 14 days post vaccination. This is slightly lower than that seen in Cohort 1a, in which 
76% (95% CI: 65%; 86%) of the participants in the 5x1010 vp vaccine group and 83% (95% CI: 
73%; 91%) of the participants in the 1x10"! vp vaccine group showed detectable CD4+ T cell 
responses. 

Th2 responses 

Th2 responses were undetectable at baseline and Day 15 in both active vaccine groups and 
placebo (FIG.113). These results are comparable to the younger adults from Cohort 1a. Only 
one participant had a Th2 response. This participant, who was included in the 1x10"! vp vaccine 
group, also had a Th1 response, which was higher than the Th2 response, with a Th1/Th2 ratio 
of 20.12, indicative of a Th1 skewed phenotype 

Th1/Th2 ratio calculation 

Following vaccination with Ad26.COV2.S, the Th1/Th2 ratio was calculated to evaluate T-cell 
phenotype skewing in participants with a positive T cell response. The Th1/Th2 ratio was above 
1 for all participants in the Ad26.COV2.S vaccination groups indicating that overall, 
Ad26.CO0V2.S induces a Th1-skewed response. This is comparable to the results in Cohort 1a, 
which also showed 100% of participants Th1/Th2 ratio above 1 vaccination with Ad26.COV2.S. 
CD8+ T-cell Responses 

Descriptive statistics for CD8+ T cells producing IFNy and/or IL-2 in response to SARS-Cov-2 S 
peptide stimulation are shown in FIG. 115. Combined regimen profile is provided in FIG. 116. 
Baseline CD8+ T cell responses before vaccination were below the LLOQ (<0.022%) in both 
vaccine groups and the placebo group. At 14 days post vaccination, the median level of the 
CD8+ T cell response increased to 0.06% (Q1;Q3: 0.02; 0.12) for the 5x10% vp group and to 
0.02% (Q1;Q3: 0.01; 0.08) for the 1x10"! vp group. The CD8+ T cell response did not increase 
in the placebo group following vaccination. These CD8+ T cell responses in the 5x1010 vp group 
are comparable to that seen in the younger adults in Cohort 1a (0.7%, Q1;Q3: 0.02; 0.12). 
There is a trend for lower CD8+ T cell responses in the 1x10"! vp group than that seen in the 
younger adults (0.09%, Q1;Q3: 0.05; 0.19). 

The SD for the two vaccine groups were 0.40 for the 5x10" vp group and 0.41 for the 1x10"! vp 
group. 
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A total of 36% (95% CI: 23%; 51%) of the participants in the 5x10" vp group and 24% (95% CI: 
13%; 37%) of the participants in the 1x10"1 vp group showed a CD8+ T cell response 14 days 
post vaccination. This is lower than the percentage of younger adults in Cohort 1a showing a 
CD8+ response at Day 15 (5x10 vp group = 51% and 1x10"! vp group = 64%); 
CONCLUSIONS AND DISCUSSION 

Immunological analysis of 15 sentinel participants from Cohort 3 was previously reported. The 
full Cohort 3 interim analysis is in line with the sentinel report, showing that Ad26.COV2.S is 
highly immunogenic in participants aged 65 years and older following a single vaccination at 
dose levels of 5x1010 vp or 1x1011 vp. 

An increase from baseline was observed for SARS-Cov-2 neutralizing and S-binding antibody 
responses 14 and 28 days post vaccination for both Ad26.COV2.S vaccine groups. The 
responder rate for the 5x10" vp vaccine group was 90% and 96% for the wtVNA and ELISA, 
respectively. The responder rate for the 1x10"! vp vaccine group was 91% and 96% for the 
wtVNA and ELISA, respectively. 

Ad26.C0V2.S also induced cellular immune responses, as assessed by ICS. increased CD4+ 
and CD8+ T cell responses were seen 14 Days following a single vaccination with 5x1010 vp or 
1x10"! vp. Following vaccination, CD4+ T cells had a Th1-skewed phenotype and no, or very 
limited, Th2 responses were observed. In all participants with a T cell response, the Th1/Th2 
ratio was >1. 

The overall magnitude and responder rates of the humoral responses in Cohort 3 are 
comparable to the responses observed in Cohort 1a, as previously reported. Cellular CD4+ T 
cell responses, were similar to the younger adults in Cohort 1a and CD8+ T cell responses were 
generally lower than that seen in the younger adults in Cohort 1a. 

Overall in participants aged 65 years, a single vaccination with 5x1010 vp or 1x10"! vp 
Ad26.CovV.2 induces robust neutralizing and binding antibody responses, a Th1-skewed 
phenotype, and elevated CD4+ and CD8+ T cell responses. 

Example 25: A Randomized, Double-blind, Placebo-controlled Phase 3 Study to Assess 
the Efficacy and Safety of Ad26.COV2.S for the Prevention of SARS-CoV-2-mediated 
COVID-19 in Adults Aged 18 Years and Older 

The study will enroll up to 30,000 participants in order to evaluate the efficacy of Ad26.COV2.S 
in the prevention of molecularly confirmed moderate to severe/critical coronavirus disease-2019 
(COVID-19), as compared to placebo, in adult participants. 

Detailed Description The aim of the COVID-19 vaccine clinical development program is to 


develop a safe and effective vaccine for the prevention of COVID-19. Currently, there are no 
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available vaccines for the prevention of COVID-19. Ad26.C0V2.S, a COVID-19 vaccine based 
on a human replication-incompetent Ad26 vector encoding the SARS-Cov-2 S protein is being 
developed, constructed to encode the severe acute respiratory syndrome coronavirus-2 (SARS- 
CoV-2) virus spike (S) protein. The study will consist of: a screening phase (up to 28 days), 
double-blind study period (60-week), and a long-term follow-up period (1 additional year). The 
total study duration will be maximum 2 years and 3 months for the participants. Assessments 
like efficacy (COVID-19 like sings and symptoms, etc), immunogenicity (such as humoral 
immune responses), and safety (such as AEs monitoring) will be performed throughout the 
study. 

Participants will receive intramuscular (IM) injection of Ad26.COV2.S vaccine or placebo on Day 
1 and Day 57. 

Example 26: /mmunogenicity of one- and two- dose regimens of the Ad26.COV2.S COVI/D-19 
vaccine candidate in adult and aged rhesus macaques 

As shown above in Examples 20 and 21, in nonclinical efficacy studies, a single dose of 
Ad26.C0V2.S provided robust protection against SARS-CovV-2 challenge in both upper and 
lower airways in rhesus macaques and protected Syrian golden hamsters from severe clinical 
disease. Protective efficacy strongly correlated with the presence of virus neutralizing activity in 
serum of NHP. These data corroborate previously reported findings on SARS-CovV, which 
showed that neutralizing antibody responses against the SARS-Cov Spike (S) protein that binds 
to the same cellular receptor as SARS-CovV-2 for cell entry, were associated with protection 
against SARS-Cov in nonclinical models. 

The Ad26.C0V2.S vaccine candidate according to the invention has been shown to have an 
acceptable safety and reactogenicity profile and to elicit a prompt and strong immune response 
after a single dose in both adults and elderly in an interim analysis, as measured up to day 29 
post-immunization in a Phase 1/2a study. The immune responses met prespecified minimum 
criteria to proceed with the testing of Ad26.COV2.S in Phase 3 studies. 

In this Example immunogenicity data after one-dose and two-dose regimens of Ad26.C0V2.S in 
both adult and aged NHP for a follow-up period of up to 14 weeks after the first vaccination are 
reported. 

Methods 

Animals 

Adult NHP — The NHP study including adult animals was conducted at Charles River 
Laboratories (CRL) Montreal ULC, Laval Site (CA). Animals were obtained from Kunmings 


Biomed international Ltd, China. Prior to transfer from test facility colony, all animals were 


-234- 


10 


15 


20 


25 


30 


WO 2021/155323 PCT/US2021/015946 


subjected to a health assessment and tested at least once for tuberculosis by intradermal 
injection of tuberculin. An anthelmintic treatment was administered to each animal by 
subcutaneous injection. The evaluations were performed in accordance with the standard 
operating procedures by technical staff. Animal experiment approval was provided by the 
Institutional Animal Care and Use Committee (IACUC) at CRL Montreal ULC, Laval Site (CA). 
Animal experiments were performed in compliance with Guidelines published by the Canadian 
Council on Animal Care and the Guide for the Care and Use of Laboratory Animals published by 
the National Research Council Canada. The Test Facility is accredited by the Canadian Council 
on Animal Care (CCAC) and the American Association for Accreditation of Laboratory Animal 
Care (AAALAC). In addition, the study was conducted according to EMA guideline, ICH 
M3(R2): Guidance on Non-Clinical Safety Studies for the Conduct of Human Clinical Trials and 
Marketing Authorization for Pharmaceuticals and FDA guideline, Redbook 2000: General 
Guidelines for Designing and Conducting Toxicity Studies. 

Aged NHP — The study using aged NHP was performed at the Biomedical Primate Research 
Center, Rijswijk, The Netherlands (an AAALAC-accredited institution). Animals were captive- 
bred for research purposes and socially housed. Animal housing was according to international 
guidelines for non-human primate care and use (The European Council Directive 86/609/EEC, 
and Convention ETS 123, including the revised Appendix A as well the “Standard for humane 
care and use of Laboratory Animals by Foreign institutions identification number A5539-01, 
provided by the Department of Health and Human Services of the United States of America's 
National Institutes of Health (NIH)). All animal handlings were performed within the Department 
of Animal Science (ASD) according to Dutch law. A large, experienced staff is available, 
including full-time veterinarians and a pathologist. ASD is regulariy inspected by the responsible 
authority (Voedsel en Waren Autoriteit, VWA), and by an independent Animal Welfare Officer. 
Some animals were seropositive for antibodies to Simian Herpes B Virus, while some animals of 
the mock-immunized control group were positive for antibodies to Simian T-cell Leukemia Virus 
and Simian Retro Virus. All animals were classified healthy according to physical examination 
and evaluation of complete blood count and serum chemistry. The Institutional Animal Care and 
Use Committee of the Biomedical Primate Research Centre (dierexperimentencommissie, DEC- 
BPRC), approved the study protocols developed according to strict international ethical and 
scientific standards and guidelines. The qualification of the members of this committee, 
including their independence from a research institute, is requested in the Dutch law on animal 
experiments. 


Vaccines 
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The Ad26.C0V2.S vaccine has been generated as described herein. Manufacturing of the Ad26 
vector was performed in the complementing cell line PER.C6 TetR (Wunderlich et al., 2018) 
(Zahn et al., 2012). The negative control vector Ad26.RSV.gLuc encodes the RSV F protein 
fused to Gaussia firefly luciferase as a single transgene separated by a 2A peptide sequence, 
resulting in expression of both individual proteins. Manufacturing of the vector was performed in 
PER.C6. 

Study design animal experiments 

Adult NHP — 60 (57 females and 3 males. 3 males were allocated to test groups 3, 4and 5, 1 
male in each group ) rhesus macaques (Macaca Mulatta) from Chinese origin between 3.3 to 
5.0 years old were assigned to five groups by a randomizing stratification system based on body 
weights, fourteen animals were included in each vaccine group and four animals were included 
in the sham control group. Group 1 (n=4) is the sham control group and received saline injection 
at week O and week 8, group 2 and 3 (n=14 each group) received one immunization with 1x10"! 
viral particles (vp) and 5x10" vp of Ad26. COV2.S, respectively, at week O, group 4 and 5 (n=14 
each group) received two immunization with 5x1010 vp of Ad26. COV.2 spaced by four (week O 
and week 4) and eight weeks (week O and week 8), respectively. All immunizations were 
performed via the intramuscular route in the quadriceps muscle of the left hind leg. Blood for 
serum was obtained prior to the first vaccine dose and every 2 weeks subsequentiy up to week 
14 of the study. 

Aged NHP - 20 female rhesus macaques (Macaca Mulatta), aged between 13.75 and 21.9 
years, were distributed over 4 experimental treatment groups and housed in ABSL.III facilities, 
pair-housed with socially compatible animals. Group 1 (n=6) received 1x10"? viral particle (vp) of 
Ad26. COV2.S at week 0. Group 2 (n=6) received 5x1010 vp of Ad26. COV2.S at week 0 and 8. 
Group 3 (n=4) received 100 ug S protein, adjuvanted with 500 ug Aluminum Hydroxide 
(AI(OH)3; 2% Alhydrogel, InvivoGen) at week O an 8. The sham control group (Group 4, n=4) 
was immunized with 1x10"! vp Ad26.RSV.gLuc, an Ad26 vector expressing an irrelevant 
antigen. All immunizations were performed intramusculariy in quadriceps of the left hind leg. 
Blood for serum and peripheral blood mononuclear cells (PBMC) isolation was obtained as 
indicated in the text. 

Enzyme-linked immunosorbent assay (ELISA) 

IgG binding to SARS-Cov-2 S protein was measured by ELISA using a recombinant S protein 
antigen based on the Wuhan-Hu-1 SARS-Cov-2 strain (MN908947). The SARS-Cov-2 S 
protein antigen was adsorbed on 96 well microplates for a minimum of 16 hours at 4*C. 


Following incubation, plates were washed in PBS/0.05% Tween-20 and blocked with 5% skim 
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milk in PBS/0.05% Tween-20 for 1 hour at room temperature. Serum standards, controls and 
NHP serum samples were diluted and incubated on the plates for 1 hour at room temperature. 
The plates were washed and then incubated with peroxidase conjugated goat anti human l9gG 
for 1 hour at room temperature, washed, and developed with tetramethylbenzidine (TMB) 
substrate for 30 minutes at room temperature and protected from light, then stopped with 
H2SO04. The optical density was read at 450/620 nm. The antibody concentrations were back 
calculated on the standard and the reportable value were generated based on all dilutions, 
expressed in ELISA units [EUJ]/mL. The lower limit of detection (LLOD) is 3.4 EU/mL, based on 
the standard lowest interpolation range concentration multiplied per the dilution factor and is 
used as an informative LLOD. The lower limit of quantification (LLOQ) is based on qualification 
performed for human samples ad has been set on 50.3 EU/mL. 

Pseudovirus neutralization assay (psVNA 

SARS-CovV-2 S neutralizing antibody titers were measured by pseudovirus neutralizing assay. 
Pseudotyped virus particles were made from a modified Vesicular Stomatitis Virus (VSVAG) 
backbone and bear the S glycoprotein of the SARS-Cov- 2. The pseudoparticles contain a 
Luciferase reporter used for detection. Serial dilutions of heat-inactivated NHP serum samples 
were prepared in 96-well transfer plates. The SARS-Cov-2 pseudovirus was added sequentially 
to the serum dilutions and incubated at 37*C with 5% CO2 supplementation for 60 + 5 minutes. 
Serum-virus complexes were then transferred onto plates, previously seeded overnight with 
Vero E6 cells, and incubated at 37*C and 5% CO2 for 20 + 2 hours. Following this incubation, 
the luciferase substrate was added to the cells in order to assess the level of luminescence per 
well. The plates were then read on a luminescence plate reader. The intensity of the 
luminescence was quantified in relative luminescence units (RLU). The neutralizing titer of a 
serum sample was calculated as the reciprocal serum dilution corresponding to the 50% 
neutralization antibody titer (IC50) for that sample. The LLOD is 10, which is the first sample 
dilution (1:10) used as an informative LLOD. LLOG is based on qualification performed for 
human samples has been set on 33 IC50. 

Wild type neutralization assay (wtVNA) 

Neutralization assays against live SARS-CovV-2 were performed using the microneutralization 
assay as previously described (Bos et al., 2020), with the modification of a different strain used. 
Clinical isolate SARS-Cov-2/human/NLD/Leiden-0008/2020 (Leiden-0008) was isolated from a 
throat swab and passaged twice in Vero E6 cells. The NGS-derived complete genome of this 
virus isolate is available under GenBank accession number MT705206.1. Isolate Leiden-0008 


was propagated and titrated in Vero E6 cells. 
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ELiSpot 
IFN-y/IL-4 Double-Color was performed on freshly isolated PBMCs. PBMC were isolated from 


ethylene diamine tetraaceticacid (EDTA) whole blood using Ficoll gradient centrifugation (10ml 
92% Ficoll-Paque (GE Healthcare) Plus in 1:4 DPBS-diluted blood) The ELISpot was performed 
using the ImmunoSpot Human IFN-y/IL-4 Double-Color Enzymatic ELISpot Assay Kit according 
to the manufacturer's protocol (Cellular Technology Limited). Ethanol-activated 96-well ELISpot 
plates were coated overnight with anti-human IFN-y and IL-4 capture antibodies. Cells were 
plated at a concentration of 250,000 cells per well and stimulated with either cell culture medium 
in presence of DMSO, 2 pools of consecutive 15 mer peptides with 11 amino acid overlap (JPT) 
spanning the entire length of the SARS-Cov-2 S protein at a peptide concentration of 2 ug/mL, 
or 1 ug/mL PHA as positive control for 22 hours. Analysis was performed using the CTL 
ImmunoSpot Analyzer and ImmunoSpot Software (Cellular Technology). Spot-forming units per 
1.0 x 10% PBMCs were calculated by subtraction of medium stimulus counts of the individual 
peptide pools per animal and summed across the 2 peptide pools. 

Intracellular cytokine staining (ICS 

For analysis of intracellular cytokine production, 1x106 freshly isolated PBMC were stimulated at 
37 *C overnight (approximately 15 hours) with either cell culture medium, 2 ug/mL SARS-Cov- 
2 S protein peptide pools (as described for ELISpot), medium or 1 ug/mL PHA in the presence 
of GolgiStop (BD Biosciences). Stimulated cells were first incubated with LIVE/DEAD Aqua 
viability dye (Invitrogen), followed by surface staining with anti-human monoclonal antibodies 
CD3-PerCP-Cy5.5, CD4-APC H7, CD8-BV650, CD14-BV605, CD69-BY786 (BD Biosciences) 
and CD20-BV605 (Biolegend). Cells were subsequently fixed with Cytofix/Cytoperm buffer (BD 
Biosciences) and stained intracellularIy with anti-human IL-2-PE, IFN-g-APC (BD Biosciences), 
IL-5-Vio515 (Miltenyi Biotec), IL-4-PE Dazzle594 and IL-13-BV421 (Biolegend). Sample 
acquisition was performed on a LSR Fortessa (BD Biosciences) and data were analysed in 
FlowJo V10 (TreeStar). Antigen-specific T cells were identified by consecutive gating on single 
cells (FSC-H versus FSC-A), live cells, size (lymphocytes) (FSC-A versus SSC-A), CD3+, 
CD4+ or CD8+ cells and CD69+ plus cytokine-positive (the gating strategy is shown in 
Supplementary Fig. 2). Cytokine-positive responses are presented after subtraction of the 
background response detected in the corresponding medium stimulated sample of each 
individual animal. Responders were defined by a technical threshold (Bowyer et al., 2018), the 
theoretical ability to detect at least 1 event in a cytokine gate and here defined as the reciprocal 
of the average number of CD4 or CD8 T cells of the medium and peptide pool stimulated 


samples for each assay run. Ratio of Th1 versus Th2 cytokines were calculated by Boolean 
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gating of Th1 (CD4+CD69+ T cells expressing IFN-y or IL-2) and Th2 (CD4+CD69+ T cells 
expressing IL-4 or IL-5 or IL-13) subsets. T cells expressing IL-4 or IL-5 or IL-13) subsets. 
Statistical analysis 

ELISA and psVNA 

For binding and psVNA neutralizing antibody data, comparisons between specific vaccine 
groups were made with the two-sample t-test in an analysis-of-variance (ANOVA). Successive 
time points have been compared with the paired t-test per vaccine group. p values were 
calculated on mean of log10 transformed values. 

wtVNA, ELlSpot and ICS 

Vaccine groups were compared to the negative control group with the Mann-W/hitney U-test. 
Pairwise comparison between vaccine groups was performed using Tobit ANOVA with vaccine 
as factor if less than 50% of the titers are at LLOD. The pairwise comparisons between vaccines 
were done with the z-test. If for an assay any vaccine group had 50% censoring or more, then 
the pairwise comparisons were done with the Mann-Whitney U-test. 

The difference in titer between consecutive time points was calculated per animal for each 
assay. 

Depending on the number of censored measurements, the differences were compared with a 
Tobit ANOVA followed by a post-hoc z test or a sign test. 

For all statistical tests the significance level was 5%. No multiple comparison adjustment was 
applied. All statistical calculations are done in SAS 9.4. (SAS Institute Inc., Cary, NC, US). 
Correlation analysis 

Correlation analysis between binding antibody concentrations and neutralizing antibody titers 
measured was calculated by two-sided Spearman rank-correlation test. 

Results 

Immunogenicity of one- and two-dose Ad26.C0V2.S vaccine regimes in adult rhesus macaques 
A cohort of 60 adult rhesus macaqgue (3.3 - 5.0 years old, 57 females and 3 males) was 
immunized with either a single dose of 1x10"! vp or 5x10 vp Ad26.COV2.S at week O (n=14 
per group) or with two-doses of 5x1010 vp Ad26.COV2.S with a 4- or 8-week interval (n=14 per 
group). A sham control group (n=4) received saline injection at week O and week 8. S specific 
antibody responses were followed up every two weeks up to 14 weeks after the first 
immunization by enzyme-linked immunosorbent assay (ELISA) and pseudovirus neutralization 
assay (psVNA) and detected in all vaccinated animals as early as two weeks after immunization 
and significantly increased by week 4 post-immunization (p<0.030, ANOVA t-test) (Figure 1A 
and B). Animals that received 1x10"1 vp Ad26.CoVv2.S (group 2) had 1.6 fold higher binding- 
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and 2-fold higher neutralizing antibodies (p=0.008 and p=0.004, respectively, ANOVA t-test) 
relative to animals immunized with 5x10 vp Ad26.CoV2.S (combined groups 3, 4 and 5). 
Similar differences in response levels were maintained across the observation period. S- 
binding antibody levels declined more rapidly than neutralizing antibody levels, irrespective of 
the vaccine dose the animals received. 

A second vaccine dose, given at 4 or 8 weeks post the first vaccination, elicited a significant 
increase in S specific antibody responses (p<0.001, ANOVA t-test) (Figure 117A and 117B) 
relative to the pre-dose 2 timepoint. Compared to a single immunization with 5x10 vp 
Ad26.C0V2.S, a second immunization given at 4 and 8 weeks post first dose, elicited a 5.7- and 
11.8-fold increase (p<0.001, ANOVA t-test) of binding antibody concentrations, and a 7.6- and 
15.2-fold increase (p<0.001, ANOVA t-test) of neutralizing antibody titers, respectively, as 
measured 2 weeks post dose-2. Similar differences were observed when comparing the 
antibody responses elicited by the two-dose vaccine regimens, to those elicited by the single 1 x 
1011 vp vaccine dose. 

While the two-dose vaccine regimens with 4- and 8-week interval elicited comparable S- 
specific binding antibody concentrations two weeks post second immunization, geometric mean 
of neutralizing antibody titers were 2.2-fold higher (p=0.005, ANOVA t-test) for the 8-week 
compared to the 4-week regimen. At week 4 and week 6 post second immunization, binding 
and neutralizing antibody levels declined in both two-dose groups with similar kinetics, 
maintaining the relative difference in neutralizing antibody magnitude (2.1- and 2.4-fold higher 
at 4-and 6- weeks respectively for the 8-week regime, p=0.021 and p=0.001, respectively, 
ANOVA t-test). 

In spite of the more rapid decline of binding antibody titers relative to neutralizing antibody titers 
in animals that received a 1-dose regimen, we observed a good overall correlation between 
binding and neutralizing antibody levels across timepoints for all tested regimens (R =0.7875, 
p<0.001, Spearman rank-correlation test) (Figure 117C). 

Immunogenicity of one- and two-dose Ad26.C0V2.S vaccine regimes in aged rhesus 


macagues. 
As COVID-19 severity and mortality is increased in the elderly, we also analyzed the 


immunogenicity of Ad26.COV2.S in aged rhesus macaques (20 females, 13.75 - 21.9 years 
old). An aluminum hydroxide (Al(0H)3) adjuvanted soluble trimeric spike protein stabilized in its 
prefusion conformation was included as a T helper 2 (Th2) skewing control vaccine. Groups 
were immunized with a one-dose regimen, given at week 0, of 1x10"! vp Ad26.COV2 S (n=6), a 
two-dose regimen with 5x1010 vp Ad26.COV2.S (n=6) or a two-dose regimen with Al(OH)3- 
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adjuvanted 100 ug S protein (n=4) to promote Th2 type responses, 8 weeks apart. A sham 
control group received an Ad26 vector encoding an irrelevant antigen (Ad26.RSV.gLuc; sham 
control; n=4) at week O and week 8. SARS-Cov-2 S protein-specific binding and neutralizing 
antibody levels were measured every two weeks up to 10 weeks post the first immunization and 
S protein specific cellular responses were measured at 4 and 10 weeks. 

S protein specific binding antibody concentrations significantly increased for each vaccination 
regimen from week 2 onwards (p<0.034, ANOVA with post hoc paired t-test comparing week O 
versus week 2). At weeks 6 and 8 the Ad26.COV2.S-induced antibody concentrations were 
significantly increased compared to Al(OH)3-adjuvanted S protein-induced concentrations 
(p<0.036, ANOVA with post hoc t-test). No statistically significant differences in antibody 
responses elicited by the two Ad26.COV2.S dose levels could be detected up to week 8. At 
week 10, 2 weeks after the second dose, the group that received a second dose of 5x101'0 vp 
Ad26.C0V2.S had significantly higher antibody concentrations compared to recipients of the 
single dose 1x10"! vp Ad26.C0V2.S (4.4-fold for the 5x1010 vp Ad26.COV2.S group, p=0.002) 
while S antibody concentrations were similar in recipients of the to the Al(OH)3-adjuvanted S 
protein (p=0.482) (Figure 1184). 

Kinetics of neutralizing antibody titers were determined by a wild-type virus neutralization assay. 
A single dose of 1x1011 vp Ad26.COV2.S induced neutralizing antibody titers at week 2 which 
were significantly increased at week 4 in all animals compared to the previous timepoint 
(p=0.031, sign test), and remained stable thereafter up to week 10. Similarly the two-dose 
5x1010 vp Ad26.C0V2.S regimen induced neutralizing antibody titers in all animals that 
significantly increased at week 4 (p=0.031, sign test) and 6 (p=0.008, to bit ANOVA with post 
hoc z-test) compared to previous timepoints. At week 10, 2 weeks after the second dose, 
antibody titers were increased 3-fold compared to week 8 (p<0.001, to bit ANOVA with post hoc 
z-test). Al(OH)3-adjuvanted S protein induced only low and transient levels of neutralizing 
antibodies after the first dose and in only 2 out of 4 animals. At week 10 however, 2 weeks after 
the second dose, all 4 animals had neutralizing antibodies in the same range as the 
Ad26.C0V2.S groups (no statistical analysis possible due to small group size of the adjuvanted 
protein group). Pairwise comparison of vaccine groups at week 10 showed that the two dose 
5x1010 vp Ad26.COV2.S regimen induced significantly higher neutralizing antibody titers 
compared to the single dose 1x10"1 vp Ad26.COV2.S group (10-fold, p<0.00, to bit ANOVA and 
post-hoc z-test), while titers in NHP that received the S protein group were similar (p=0.303) 


(Figure 118B). The S-specific binding IgG levels as measured with ELISA highly correlated with 
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wild type neutralizing antibody titers (R=0.92, p=<0.001, Spearman rank correlation) showing a 
higher sensitivity of the ELISA (Figure 118C). 

S protein-specific T cell responses were measured with ELISpot and intracellular cytokine 
staining (ICS) using 15-mer peptides overlapping by 11 spanning the complete S protein. Both 
Ad26.C0V2.S regimens as well as Al(OH)3-adjuvanted spike protein induced IFN-y responses 
at 4 weeks after the first immunization (Figure 119A and 119B). Two weeks after the second 
dose of the 5x1010 vp Ad26.COV2.S and adjuvanted spike protein group (week 10), IFN-y 
responses were comparable for the 5x10" vp Ad26.COV2.S group to the week 4 time point, but 
lower for the 1x10"1 vp Ad26.COV2.S and adjuvanted S protein groups, suggesting that a 
second dose of Ad26.C0V2.S gives better durability of T cell responses. Substantial IL-4 
responses were observed only for the Al(OH)3-adjuvanted spike protein group at both week 4 
and week 10 by ELISpot (Figure 119A). CD4+ and CD8+ T cell cytokine responses were also 
analyzed by ICS. S protein-specific CD4+ T cell IFN-y and IL-4 expression patterns confirmed 
the ELISpot responses, with all vaccine groups inducing significantiy higher levels of IFN-y 
compared to the sham control group at week 4 (p<0.029, Mann-Whitney-U test) that decreased 
at week 10, except for the two dose 5x10 vp Ad26.COV2.S group which remained significantIy 
higher compared to the sham group (p=0.010). IL-4 expression was only significantly higher for 
the Al(OH)3-adjuvanted spike protein group compared to the sham control group at both 
timepoints (p=0.029) (Figure 119B). Additional cytokines IL-2, or IL-5 and IL-13 were measured 
and reflected the patterns as seen for IFN-y or IL-4, respectively, with minimal or no boosting of 
responses for groups that received a second dose and only Al(OH)3-adjuvanted spike protein 
inducing robust levels of Th2 cytokines IL-4, IL-5 and IL-13 (Figure 119C). This was confirmed 
by calculation of the Th1 versus Th2 ratio with a clear Th1 skewing observed after 
Ad26.C0V2.S immunization independent of regimen (Figure 119C). Spike protein-specific 
CD8+ T cells induced by Ad26.COV2.S mainly produced IFN-y and IL-2, while Al(O0H)3- 
adjuvanted spike protein only produced IL-2. None of the immunization regimens induced CD8+ 
T cells producing significant amounts of IL-4, IL-5 and IL-13 (Figure 120). 

In this Example, the immunogenicity of one-and two-dose Ad26.COV2.S regimens in adult and 
aged rhesus macaques for up to 14 weeks after the first dose was evaluated, to gain insight 
both in the durability of immunity after a single dose of the candidate vaccine and in the impact 
of a second dose on the magnitude of S protein specific immune responses. 

In both adult and aged macaques, S binding and SARS-CovV-2 neutralizing antibody responses 
were detected as early as two weeks after the first immunization, which had significantiy 


increased by week 4. The kinetics and magnitude of antibody responses appeared similar in 
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adult and aged rhesus macaques for all Ad26.COV2.S vaccine regimens tested. These 
observations are in agreement with observations in adult and elderly humans at week 4 post 
single immunization with Ad26.COV2.S. 

AI(OH)3-adjuvanted S protein required 2 doses to elicit significant levels of neutralizing 
antibodies which also has been observed with other COVID-19 vaccines based on protein or 
mRNA platforms in Phase 3 clinical trials that were not sufficiently immunogenic after single 
dosing in NHP and humans (Corbett et al., The New England Journal of Medicine, 383(16), 
1544-1555, 2020)(Guebre-Xabier et al., BioRxiv, 1-16, 2020). In both adult and aged NHP 
studies a high correlation between binding and neutralizing antibody responses was found, 
although different neutralization assays were used in the two studies. This suggests that S 
protein binding antibody ELISA could be used as a surrogate readout for neutralizing antibody 
responses, which is also supported by our earlier observations (Mercado et al., Nature. 
https://doi.org/10.1038/s41586-020-2607, 2020), 

In adult macaques, single dose Ad26.COV2.S elicited humoral immune responses were 
maintained at least up to week 14 post-immunization. Binding antibody responses did show 
some decline over time, while neutralizing antibody responses were more stably maintained, 
providing an early sign of durability of immunity elicited by our vaccine candidate. Humoral 
immune responses were slightly higher in NHP that received the 1x10"! vp dose as compared to 
recipients of the 5x10" vp vaccine dose, but differences were too small to warrant use of the 
higher dose in further clinical development. 

A second dose of Ad26.COV2.S given at 8 weeks post the first immunization resulted in a 
significant increase in spike protein-specific binding and more importantly neutralizing antibody 
responses, in both adult and aged NHP compared to the one-dose regimen. This is in line with 
observations with other Ad26-based vaccines, where a second dose always elicited a higher 
and more durable immune response in both animal models and humans. The findings for the 
two-dose Ad26.COV2.S regimen in NHP, suggest a two-dose Ad26.C0V2.S vaccine regimen 
has the potential to result also in humans in higher and more durable immune responses as 
compared to our one-dose regimen. 

Evaluation of the potential impact of length of interval between two vaccine doses in adult NHP, 
demonstrated that while levels of elicited binding antibody concentrations were similar after two 
doses with either a 4- or 8-week interval, the neutralizing antibody responses were higher in 
animals that received the two doses with an 8-week interval. Thus, a vaccine regimen with an 8 


weeks intervals between 2 doses is preferred over a regimen with 4 weeks interval. 
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An important aspect to be evaluated when developing a COVID-19 vaccine is the potential and 
theoretical risk of Vaccine-Associated Enhanced Respiratory Disease (VAERD), which is 
generally considered to be associated with non-neutralizing antibody responses and Th2- 
skewed cellular immune responses. In this study it is shown that Ad26.COV2.S elicited CD4+ T 
cell responses in aged NHP that were Th1-skewed, as previously shown in both adult NHP and 
adult and elderly humans, and similar to what has been found for other genetic vaccine 
platforms in NHP and humans utilizing the S protein antigen (van Doremalen et al., Nature, 
May. https://doi.org/10.1038/s41586-020-2608-y, 2020) (Yu et al., Science (New York, N.Y.), 
369(6505), 806-811. https://doi.org/10.1126/science.abc6284, 2020) (Vogel et al., BioRxiv, 
2020.09.08.280818. https://doi.org/10.1101/2020.09.08.280818, 2020)(Corbett et al., supra, 
2020). In contrast, the Al(OH)3-adjuvanted S protein induced a more Th2 skewed immune 
response, as expected with this adjuvant, and confirming that a Th2 skewed response can be 
elicited in this NHP animal model. The Th1-skewed response in NHP together with the induction 
of robust and durable neutralizing antibody responses by Ad26.COV2.S, reduce the likelihood of 
VAERD for this vaccine. 

In summary, these data show that a one- and two-dose Ad26.COV2.S vaccine regimen elicit 
similar antibody responses in adult and aged NHP. Importantly, a second vaccine dose 
administered 8 weeks post the first immunization, induced a significant increase in (neutralizing) 
antibody responses in both adult and aged animals compared to a single vaccine dose. In 
addition, the follow up of immunogenicity in adult macaques demonstrates that antibody 
responses are maintained up to 14 weeks post first immunization, providing an early indication 
of durable immune responses elicited by a single dose Ad26.C0V2.S. 

Example 27: /nterim results of a Phase 1/2a trial with the Ad26.COV2.S Covid-19 Vaccine 
As described above, a multi-center Phase 1/2a randomized, double-blinded, placebo-controlled 
trial was designed in healthy adults (aged 18 to 55 years; cohort 1, n=405 or >65 years; cohort 
3; n=405) receiving Ad26.COvV2.S at a dose of 5x101 or 1x10"? viral particles, in a single- or 
two-dose schedule (56 days interval). 

In this Example, the results after first (cohort 1 and 3) and second (cohort 1) vaccination are 
reported. 

METHODS 

STUDY DESIGN AND PARTICIPANTS 

The study is a multicenter, randomized, double-blind, placebo-controlled Phase 1/2a trial to 
evaluate safety, reactogenicity and immunogenicity of Ad26.COV2.S at 5x10 (lower dose, LD) 


or 1x1011 viral particles (vp) (higher dose, HD) in a 1 ml volume, administered intramusculariy 
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(IM, deltoid muscle) as single-dose or two-dose schedule, 56 days apart, in healthy adults 18 to 
55 years of age (cohort 1a: target n = 375; cohort 1b (exploratory cohort for in-depth 
immunogenicity): target n = 25; and >65 years of age (cohort 3: target n = 375). 

Ad26.C0V2.8 is a recombinant, replication-incompetent Ad26 vector encoding the full length 
and stabilized SARS-Cov-2 S protein derived from the first clinical isolate of the Wuhan strain 
(Wuhan, 2019, whole genome sequence NC_045512), as described in this patent application. 
The study is performed in Belgium and the United States and was reviewed and approved by 
local ethics committees and institutional review boards (IRB). All participants provided written 
informed consent before enrollment. 

PROCEDURES 

405 eligible participants in both cohorts 1 and 3 were randomly assigned (1:1:1:1:1) in one of 
the following treatment arms : LD/LD; LD/placebo; HD/HD; HD/placebo, placebo/placebo for the 
first and second dose. Randomization was done by an Interactive Web Response System 
(IWRS) and stratified by site using randomly permuted blocks. Participants and investigators 
remain blinded at individual participant level throughout the study. To meet the criteria for study 
blinding, sponsor and statisticians were group-unblinded for the primary analysis of cohorts 1 
and 3 only when all participants had reached day 8 post dose 2. 

The primary endpoint was safety and reactogenicity of each dose schedule. Solicited adverse 
events (AES) were collected on diary cards for 7 days post vaccination, unsolicited AEs for 28 
days after vaccination and SAEs throughout the course of the study. AEs were graded 
according to FDA Guidance document “Toxicity Grading Scale for Healthy Adult and Adolescent 
Volunteers Enrolled in Preventive Vaccine Clinical Trials”. Safety data are included up to the 
cut-off dates of 30 October 2020 for cohort 1 and 3. 

The secondary endpoint was humoral and cellular immunity to the SARS-Cov-2 S protein. At 
baseline and on Day 15, 29, 57 and 71, SARS-Cov-2 S-specific binding antibodies were 
measured by ELISA. Seropositivity was defined as a titer above the lower limit of quantification 
of the assay (lower limit of quantification [LLOQJ= 50.3 EU/mL). SARS-CovV-2 serum 
neutralizing antibody titers were measured in a random subset of samples in a 
microneutralization wtVNA using the Victoria/1/2020 SARS-Cov-2 strain at Public Health 
England, with seropositivity defined as an IC5O titer >58 (LLOQ). IC80 wtVNMA titers were also 
assessed at these timepoints. S-specific T-cell responses were measured at baseline and on 


Day 15 by ICS using two pools of S peptide pools of 15-mers overlapping by 11 amino acids. A 


Th1 response was characterized by CD4+ T cells expressing IFN-L| and/or IL-2 and not IL-4, IL- 
5 and/or IL13 and a Th2 response by expression of IL-4, IL-5 and/or IL-13 and CDA40L. All 
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assays were conducted in a blinded fashion and are described in detail in the supplementary 
materials. 

STATISTICAL METHODS 

Safety data were analyzed descriptively in the full analysis set and immunogenicity data were 
analyzed in the per protocol immunogenicity population. See supplementary materials and 
statistical analysis plan for further detail. 

RESULTS 

STUDY PARTICIPANTS 

The first vaccination of cohort 1 participants (age 18 to 55) was initiated on July 22, 2020. By 
August 7, 2020, 593 participants were screened, 405 enrolled and 402 immunized with their first 
dose and by November 7, 2020 with their second dose in cohort 1 (1a and 1b combined. 
Immunization of cohort 3 participants (age >65) began on August 3, 2020 and by August 24 
2020, 660 had been screened, 405 enrolled and 403 immunized with their first dose. Baseline 
seropositivity rates for SARS-Cov-2 S specific antibodies in cohort 1a and cohort 3 were 1.9% 
and 1.0%, respectively. Baseline characteristics were broadly similar across groups. 

VACCINE SAFETY AND REACTOGENICITY OF Ad26.C0V2.S 

Group-level unblinded safety data for both cohorts were collected and analyzed. Solicited AEs 
were collected on diary cards for 7 days post vaccination, unsolicited AEs for 28 days after 
vaccination and SAEs throughout the course of the study. 

The investigator's assessment of reactogenicity post dose 1 is available for 402 participants in 
cohort 1 and for 403 in cohort 3. In both cohorts solicited local AEs were mostly grade 1 or 2, 
the most frequent being injection site pain. In cohort 1, solicited local AEs were found in 103 LD 
recipients (64%), 123 HD recipients (78%) and 7 (9%) given placebo. In cohort 3, solicited local 
AEs were reported in 66 LD recipients (41%), 68 HD recipients (42%) and 11 placebo recipients 
(14%) given placebo. 

In both cohorts most solicited systemic AEs were grade 1 or 2, the most frequent being fatigue, 
headache, and myalgia. In cohort 1, solicited systemic AEs were reported in 105 LD recipients 
(65%), 133 HD recipients (84%) and 21 placebo recipients (26%). In cohort 3, solicited systemic 
AEs were reported in 74 LD recipients (46%), 88 HD recipients (55%) and 19 placebo recipients 
(23%). In cohort 1, grade 3 systemic AEs were reported in 15 LD recipients (9%) and in 32 HD 
recipients (20%) and none in the placebo group. Comparison of participants with one or more 
solicited grade 3 AEs in cohort 1a revealed 24%, 26% and 0% in the LD, HD and placebo 
groups, respectively in the 18-30 year age group, 3%, 14% and 0% in these groups for 31-45 
year age group and 3%, 11% and 0% in these groups for the 46-55 year age group. In cohort 3, 
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grade 3 systemic AEs were reported in 1 participant (0.6%) given the LD, in 4 (2.5%) given the 
HD and in none given placebo. In cohort 1, fever was reported in 25 LD recipients (15%) and 62 
HD recipients (39%) and none in the placebo group, with grade 3 fever reported in 8 LD 
recipients (5%) and 15 HD recipients (9%). In cohort 3, fever was reported in 7 LD recipients 
(4%) and in 14 HD recipients (9%) with no grade 3 fevers in participants given the LD or 
placebo and in two HD recipients (1%). All fevers occurred within two days of immunization and 
resolved within one to two days with over 80% utilizing antipyretics at the onset of symptoms. 

In cohort 1, unsolicited AEs were reported in 34 (21%), 56 (35%) and 14 (17%) in the LD, HD 
and placebo groups, respectively. In cohort 3, unsolicited AEs were reported in 27 (17%), 38 
(24%) and 13 (16%) participants in the LD, HD and placebo groups, respectively. No grade 4 
AES, solicited or unsolicited, were reported in any cohort. 

In cohort 1a post dose two safety data is available on 363 participants. There were one or more 
solicited AEs in 77.0% and 79.7% of participants in the LD and HD groups, respectively, 
compared to 33.8 and 31.3% of participants receiving placebo as a second dose after a first 
dose of vaccine and 21.6% of placebos who just received placebo. In contrast to post dose 1 
there were solicited AEs with worst grade 3 or higher in 1.4% and 6.8% of participants in the LD 
and HD groups, respectively with 1.4% and 1.5% in control groups who had previously received 
a first dose of vaccine and 0% of controls who had never received vaccine. There were no 
grade 3 fevers in any group following a second dose of vaccine. 

No participant discontinued the study due to an AE. There were five SAEs: one hypotension 
judged by the investigator to be unrelated to vaccine because of a past history of recurrent 
hypotension, one bilateral nephrolithiasis in a participant with past medical history of kidney 
stones (not related), one not related case of legionella pneumonia, one worsening of multiple 
sclerosis, which was existing for approximately 8-10 years, based on the MRI findings, however 
it was only diagnosed after inclusion into the study (not related) and one participant with fever 
who was hospitalized overnight because of suspicion of Covid-19, who recovered within 12 
hours, the fever was subsequenily judged by the investigator to be vaccine related. For details 
see supplementary material. 

IMMUNOGENICITY OF Ad26.C0V2.S 

Immunogenicity data for this interim analysis were unblinded by dose level. In all 5 groups in 
cohort 1a, binding antibody concentrations (EU/mL GMCs) were measured against a stabilized 
SARS-CovV-2 full length Spike protein. At baseline GMCs were <LLOQ, and had increased by 
Day 29 after vaccination to 478 (95% confidence interval: 379;603), 586 (445;771), 625 
(505;773) and 788 (628;988) for the LD/placebo, LD/LD, HD/placebo and HD/HD groups, 
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respectively, with >99% seroconversion in all groups (Fig. 1214). GMC further increased to 660 
(513;849), 754 (592;961), 873 (701;1087) and 1100 (908;1332), respectively, by day 57. Post 
dose 1 seroconversion was 100% in all but the HD/placebo group (97%). 14 days following the 
second dose, the LD/LD and HD/HD groups reached a GMC of 1,677 (1,334;2,109), and 2,292 
(1,846;2,845), respectively, with 100% seroconversion in each group. In the LD/placebo and 
HD/placebo groups, Day 71 GMCs (600 (443;814) and 951 (696;1,300), respectively) were 
similar to Day 57. In cohort 3, GMTs were <LLOQ at baseline. By Day 15 after vaccination with 
either the LD or HD, GMTs had increased to respectively 122 (97;152) and 141 (114;175), with 
77% seroconversion rates in both dose groups (Fig. 121B). By Day 29, GMTs were 312 
(246;396) and 350 (281;429) with 96% and 96% seroconversion rate. 

SARS-CovV-2 neutralizing antibody titers (IC50) were measured by wtVNA in a random subset 
of participants from cohort 1a and 3. At baseline geometric mean titers (GMT) were <LLOQ, and 
increased by Day 29 after vaccination to 224 (158;318), 224 (168;298), 215 (16;273) and 354 
(220;571) for the LD/placebo, LD/LD, HD/placebo and HD/HD groups in cohort 1a, respectively, 
with seroconversion rates of 96%, 88%, 96% and 92% (Fig. 121C). GMTs further increased by 
Day 57 to 310 (228;422), 288 (221;376), 370 (268;511) and 488 (334;714) for the LD/placebo, 
LD/LD, HD/placebo and HD/HD groups, with 100% seroconversion in the LD/Placebo group and 
96% seroconversion in the other groups, respectively. 14 days following the second dose in 
cohort 1a, GMTs of 775 (508;1183) and 1272 (746;2169) were reached for the LD/LD and 
HD/HD groups, respectively, with 100% seroconversion in both dose groups (Fig. 121B, left 
panels). In the LD/placebo and HD/placebo groups GMTs at day 71 were 315 (227;438) and 
388 (290;509), respectively, similar to day 57 GMTs. Both groups had 100% responders. In 
cohort 3, GMTs were <LLOQ at baseline and had increased to 212 (137;284) and 171 

(119;269) at Day 15, and 277 (193;307) and 212 (163;266) at Day 29 for the LD and HD groups, 
respectively (Fig. 121D). The seroconversion rate was 92% at Day 15 for each dose level 
group, and 98% (83;99) and 94% (76;99) at Day 29 for the LD and HD group in cohort 3. These 
data were confirmed by IC8O wtVNA (Fig. 122). wtVNA and ELISA antibody levels were strongly 
correlated in both cohorts (Fig. 122A) albeit that the correlation has a wider elliptical shape in 
cohort 3, suggesting more variability in the relationship between the neutralizing and binding 
antibody titers in the older adults. 

Antibody levels in the different human convalescent serum (HCS) panels that were included in 
assays for humoral immunity assessment run by different laboratories and in sera from vaccine 


recipients were in the same range. 
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Ad26 neutralizing antibodies at baseline or post dose 1 did not show any impact on the ability of 
the first and second immunization to induce SARS-Cov-2 neutralizing antibodies at day 29 and 
day 71 (post dose 2), respectively (Fig. 123). 

Ad26.C0V2.S elicited S-specific CD4+ Th1 and Th2 responses and CD8+ T cell responses 
were characterized in a subset of participants at baseline and 15 days post dose 1. In cohort 1a, 
76% (95%C1:65;86) and 83% (73;91) and in cohort 3 60% (46;74) and 67% (53;79) of LD and 
HD recipients, respectively had detectable Th1 responses to S peptides. Median CD4+ Th1 
responses to S peptides increased in cohort 1a from undetectable at baseline to a median of 
0.08% (Q1;Q3:0.05;0.16) and 0.11% (Q1;Q3:0.07;0.16) 15 days post vaccination and in cohort 
3 from non-detectable at baseline to a median of 0.09% (Q1;Q3:0.04;0.17) and 0.11% (Q1; 
Q3:0.04;0.15), for LD and HD recipients, respectively (Fig. 124A). One participant in cohort 1a 
(LD recipient) and one in cohort 3 (HD recipient) had a measurable Th2 response (Figure 
124B), but all participants with measurable Th1 and/or Th2 responses had a Th1/Th2 ratio well 
above 1. 

S-specific CD8+ T cell responses, as identified by the expression of IFN-y and/or IL-2 cytokines 
upon S peptide stimulation (Fig. 124C), were absent at baseline in both cohorts. At day 15 post 
vaccination, 51% (95%C1: 39; 63) and 64% (95%C1: 52; 75) of cohort 1a participants had CD8+ 
T cell responses with a median magnitude of S-specific CD8+ T cell responses of 0.07% 
(Q1;Q3: 0.03; 0.19) and 0.09% (Q1;Q3: 0.05; 0.19) for the LD and HD groups, respectively. In 
cohort 3, CD8+ T cell responses were lower, with 36% (95%C1: 23; 51) and 24% (95%C1: 13; 
37) responders with a median magnitude of 0.06% (Q1;Q3: 0.02; 0.12) and 0.02% (Q1;Q3:0.01; 
0.08), for the LD and HD groups, respectively. The correlation between CD4+ Th1 and CD8+ T 
cell responses was poor in both cohorts (Fig. 122B). 

CONCLUSION 

The interim analysis of this Phase 1/2a study shows that the vaccine candidate Ad26.COvV2.S 
has an acceptable safety and reactogenicity profile and is immunogenic after a single 
vaccination with either a 5x100 or 1x10"''vp dose. Post dose 1, there was a trend toward higher 
incidence of solicited systemic AEs with the higher vaccine dose level, a clear trend for 
decreasing grade 3 AEs with increasing age, the anticipated target population for efficacious 
Covid-19 vaccines. The local and systemic reactions occurred on the day of immunization or the 
next day and generally resolved within 24 hours. The systemic reactions were very responsive 
to antipyretics and there was no need for their prophylactic use. After the second dose in 18-55 
years of age, the incidence of grade 3 solicited systemic AEs was much lower than after the first 


immunization for both the lower and higher vaccine dose, contrasting the observations with 
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mRNA-based vaccines where the second dose seems to be associated with increased 
reactogenicity. 

While all other Covid-19 vaccines currently in development require two doses, a single dose of 
Ad26.C0V2.S elicited strong humoral responses in the vast majority of vaccine recipients, with 
S-binding and neutralizing antibodies in more than 90% of participants, irrespective of age 
group and vaccine dose. In addition, over the currently available follow-up time of 71 days post 
dose 1, antibody titers further increased and stabilized, suggestive for durability of 
Ad26.C0V2.S elicited immune responses. 

An efficacious single dose Covid-19 vaccine has obvious logistical advantages over a two-dose 
vaccine, especially for use in pandemic setting. lt was observed here that a second vaccine 
dose in 18-55-year-old adults at day 57 further increased antibody titers, again in line with 
recent observations in NHP. Neutralizing antibody titers against the Ad26 vector, elicited by the 
first vaccination, did not correlate with the magnitude of post-dose 2 responses. Whether a 
second dose will be needed for either improved efficacy and/or durability in humans, is currently 
being studied in a phase 3 clinical trial. 

The lack of standards and use of different assays complicates the comparison of performance 
of different Covid-19 vaccines in development.In addition, comparisons to HCS panels are 
rather arbitrary as different they have different GMTS, likely related to the composition of the 
panels (i.e. Covid-19 severity of the donors, time of sampling since their disease onset etc.). 

A theoretical risk for vaccine-associated enhanced respiratory disease (VAERD) has been 
associated with poorly neutralizing humoral immunity and Th2-skewed cellular immune 
responses. Here, all Ad26.C0V2.S elicited CD4+ T cell responses were Th1 skewed, in line 
with previous experience with the Ad26-based vaccine platform. The accompanying consistent 
CD8+ T cell responses, albeit lower in older adults, and strong humoral responses further 
minimize the theoretical risk of VAERD. 

In conclusion, our interim analysis indicates that Ad26.CO0V2 8 is safe, well tolerated and 
immunogenic. Two ongoing Phase 3 studies are evaluating efficacy of either a single- or a two- 
dose regimen of 5x101%p of Ad26.COV2.S. 

EXAMPLE 28: Productivity of Ad26.COV2.S 

Productivity of Ad26.COV2.S (also referred to as Ad26NCOV030, Ad26COVS1), as defined by 
titers of virus particles per mL (VP/mL), is crucial for upscaling of vector production in 
bioreactors to provide sufficient material for the different down-stream process steps. Therefore, 


productivity was assessed in small-scale experiments by comparing the vaccine candidate 
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vector to respective benchmark controls, of which performance in the 10-L process 
intensification (PIN)-bioreactor process is known. 

Productivity of the Ad26NCOV030 vaccine candidate was tested together with Ad26NCOVO028 
in one experiment as these 2 constructs were initially both considered for the selection of the 
lead candidate. In brief, sPER.C6 and sPER.C6 TetR cells were transduced with 70 and 300 
VP/cell of purified Ad26NCOVO30 and Ad26NCOVO28 material and two Ad26 benchmark 
controls, Ad26.ZEBOV and 26ZIK001 vectors (standard and low control, respectively). 

Samples were taken on Day 0, 1, 2, 3, and 4 post infection and Ad26 vector titers were 
determined by viral particles — quantitative polymerase chain reaction (VP-gPCR). As shown in 
Figure 125A, productivity of Ad26NCOV030 in sPER.C6 cells was in between the low and 
standard control and higher than Ad26NCOV028, which was similar to the low control. 
Productivity in sPER.C6 TetR cells (Figure 125B) was maximized for both Ad26NCOV030 and 
Ad26NCOV028 (both similar to the standard control). The results for the small scale productivity 
assessment were strengthened by 2 L bioreactor runs using PER.C6 and sPER.C6 TetR cells 
(Table below). These data demonstrated that Ad26NCOVO28 and Ad26NCOV030 are both high 
producers on PER.C6 TetR cells in the 2L PIN platform and that A4d26NCOV028 and 
Ad26NCOVO30 on PER.C6 cells are respectively lower than average, and average producers. 


Table (Ad26NCOV030) and Ad26NCOVO28 2L bioreactor runs. 


Ad26NCOVO28 PER.C6 TetR 1.78E12 5.70E12 


INJ-78436735 PER.C6 TetR 3.10E12 6.14E12 
Ad26NCOVO28 PER.C6 1.14E11 5.57E10 
INJ-78436735 PER.C6 6.24E11 1.15E12 


VP, viral particles; qPCR, quantitative polymerase chain reaction; TetR, tetracycline repressor; 
EXAMPLE 29: Aqd26.C0V2.S elicited immunity protects against 614G spike variant SARS- 


CovV-2 infection in Syrian hamsters and does not enhance respiratory disease in 
challenged animals with breakthrough infection after sub-optimal vaccine dosing 

In this Example, an alternative SARS-Cov-2 hamster infection model is described which was 
utilized to confirm immunogenicity of Ad26.COV2.S and to establish its protective efficacy 
against intranasal infection with a 614G spike variant of SARS-Cov-2 
(BetaCoV/Munich/BavPat1/2020). In non-vaccinated animals, infection with this virus resulted in 


infection of the upper and lower respiratory tract leading to mild to moderate disease based on 
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histopathological findings. Ad26.COVS.2 elicited binding and neutralizing antibodies after a 
single dose that could be further increased with a second dose of vaccine after a 4 week 
interval. Ad26.COV2.S, elicited the highest level of antibodies and protection compared to two 
other Ad26-based COVID-19 prototype vaccines that were evaluated. A sub-optimal dose of 
Ad26.C0V2.S elicited a humoral response that did not protect against viral replication in the 
lung after challenge but did not reveal evidence for VAERD as assessed by monitoring of 
respiratory viral replication and detailed histopathological analysis. 

MATERIALS AND METHODS 

Vaccines 

The Ad26-based vaccines were generated described herein. Briefly, they are based on a 
replication incompetent adenovirus serotype 26 (Ad26) vector encoding a prefusion stabilized 
SARS-COVvV-2 spike protein sequence (Wuhan Hu1; GenBank accession number: MN908947). 
Replication-incompetent, E1/E3-deleted Ad26-vectors were engineered using the AdVac system 
(Abbink et al., J. Virol. 81, 4654-4663 (2007)), using a single plasmid technology containing the 
Ad26 vector genome including a transgene expression cassette. The codon optimized, 
prefusion stabilized, SARS-COV-2 spike protein encoding gene was inserted into the E1- 
position of the Ad26 vector genome. Manufacturing of the Ad26 vectors was performed in the 
complementing cell line PER.C6 TetR (Wunderlich et al., Potent and short promoter for 
expression of heterologous genes. (2018)) (Zahn et al., PLoS One 7, 1-13 (2012)). The 
negative control vector Ad26..Irr (RSV-FA2-2A-GLuc) encodes the RSV F protein fused to 
Gaussia firefly luciferase as a single transgene separated by a 2A peptide sequence, resulting 
in expression of both individual proteins. Manufacturing of the vector was performed in PER.C6. 
Adenoviral vectors were tested for bioburden and endotoxin levels prior to use. 

Study design animal experiments 

Hamster studies 

Animal experiments were approved by the Central Authority for Scientific Procedures on 
Animals (Centrale Commissie Dierproeven) and conducted in accordance with the European 
guidelines (EU directive on animal testing 86/609/EEC) and local Dutch legislation on animal 
experiments. The in-life phase took place at Viroclinics Biosciences BV. All Viroclinics personnel 
involved in performing the clinical observations and laboratory analysis in which interpretation of 
the data was required were not aware of the Treatment Allocation Key at any time prior to 
completion of the study and were blinded by allocating a unique sample number to each sample 


collected and analysis. 
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Male Syrian (golden) hamsters (Mesocricetus auratus), strain HsdHan:AURA, aged 9-11 weeks 
at the start of the study were purchased from Envigo ++++. Hamsters were immunized via the 
intramuscular route with 100ul vaccine (50ul per hind leg) under isoflurane anesthesia. 
Hamsters were intranasally inoculated with 100ul containing 102 TCIDso of SARS-Cov-2 
(BetaCoV/Munich/BavPat1/2020, containing a D614G substitution in the S1 fragment). The 
sequence of the challenge stock has been characterized and has been shown to be in line with 
the parental strain. On the day of infection, prior to inoculation, and daily until four days post 
infection throat swabs were collected under isoflurane anesthesia. Throat swabs were collected 
in virus transport medium, aliquoted and stored until time of analysis. Intermediate blood 
samples were collected via the retro-orbital bleeding route under isoflurane anesthesia. Blood 
was processed for serum isolation. At the end of the experiment, under anesthesia, animals 
were sacrificed by cervical dislocation and necropsy was performed. Respiratory tissues 
collected after necropsy were analyzed for viral load, and for histopathological changes. 

Rabbit studies 

Rabbit experiments were approved by the local animal welfare body and conducted in 
concordance with European guidelines (EU directive on the protection of animals used for 
scientific purposes 2010/63/EU) and local Belgian legislation on animal experiments. The in-life 
phase took place at the non-clinical safety Beerse site of Janssen Research and Development, 
an AAALAC-approved laboratory. Female New Zealand White rabbits, aged approximately 4 
months at the start of the study were purchased from Charles River Laboratories in France. 
Rabbits were immunized in week O and week 8 of the study with 5x10? or 5x1010 vp Ad26.S, 
Ad26.dTM.PP or Ad26.C0V2.S in a volume of 0.5 mL via the intramuscular route. As a control 
group, five rabbits were immunized with saline. Interim blood samples for serum processing 
were collected via the lateral ear. At the end of the experiment, animals were sacrificed by 
intravenous injection of Sodiumpentobarbital, followed by exsanguination via the femoral artery. 
Histopathology 

Histopathology was assessed by a pathologist from Viroclinics Biosciences BV and a 
pathologist from Janssen Non-Clinical Safety (Beerse, Belgium). 

Four days p.i. all animals were autopsied by opening the thoracic and abdominal cavities and 
examining all major organs. The extent of pulmonary consolidation was assessed based on 
visual estimation of the percentage of affected lung tissue. The left nasal turbinates, trachea and 
left lung were collected for histopathological examination and analysis by IHC. All tissues were 
gently instilled with, and/or immersed in 10% neutral-buffered formalin for fixation. Lungs and 


trachea were routinely processed, paraffin wax embedded, micro-sectioned to 3 um on glass 
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slides and stained with haematoxylin and eosin (H&E) for histopathological evaluation. The 
sampled and fixed nasal turbinates were processed after decalcification and embedded into 
paraffin blocks, and similarly cut and stained. The H&E stained tissue sections were examined 
by light microscopy, using a Zeiss Axioplan or Leica DM2500 light microscope with 
magnification steps of 25x, 100x, 200x, and 400x, for histopathology scoring, as well as for the 
presence of any other lesions. The severity of inflammatory cell infiltration in nasal turbinates 
and tracheas was scored for rhinitis and tracheitis: O = no inflammatory cells, 1 = few 
inflammatory cells, 2 = moderate number of inflammatory cells, 3 = many inflammatory cells. 
For lung tissue, each entire slide was examined and scored for presence or absence of alveolar 
edema, alveolar hemorrhage and type Il pneumocyte hyperplasia (0 = no, 1 = yes). The degree 
and severity of inflammatory cell infiltration and damage in alveoli, bronchi/bronchioles were 
scored for alveolitis and bronchitis/bronchiolitis: O = no inflammatory cells, 1 = few inflammatory 
cells, 2 = moderate number of inflammatory cells, 3 = many inflammatory cells. Extent of 
peribronchial/perivascular cuffing: O = none, 1 = 1-2 cells thick, 2 = 3-10 cells thick, 3 = over 10 
cells thick. Additionally, the extent of alveolitis/alveolar damage was scored per slide: 0 = 0%, 1 
= <25%, 2 = 25-50%, 3 = >50%. 

The cumulative score (sum) for the extent and severity of inflammation of lung tissues provided 
the total lower respiratory tract (LRT) score, with a possible maximum score of 24. The following 
histopathology parameters were included in the sum of lower respiratory tract disease 
parameters: alveolitis, alveolar damage, alveolar edema, alveolar hemorrhage, type |! 
pneumocyte hyperplasia, bronchitis, bronchiolitis, peribronchial and perivascular cuffing. 
Immunohistochemistry 

Lung, nose and trachea tissue samples were sampled, fixed in 10% formalin (lung instilled) for 
14 days and were embedded in paraffin by Viroclinics Biosciences B.V. Tissue blocks were 
delivered and assessed by a pathologist from Janssen Non-clinical Safety (Beerse, Belgium). 
Paraffin sections of lung, trachea and nose sections of all animals were automatically stained 
(Ventana Discovery Ultra, Roche, France), using rabbit polyclonal anti-SARS-CoV Nucleocapsid 
protein antibody (NP, Novus NB100-56576, 1/300) which is cross reactive towards SARS-Cov- 
2 NP. These sections were semi-quantitatively scored for number of immunoreactive cells, and 
graded as O: no positive immunoreactive cells, 1: minimal (few/focal) number of positive cells, 2 
moderate (focal/multifocal) number of positive cells and 3: many/high (focally 
extensive/multifocal) number of immunoreactive cells. 


Virus Neutralization Assay 
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Neutralization assays against live SARS-CovV-2 were performed using the microneutralization 
assay previously described by Algaissi and Hashem (Algaissi & Hashem, Evaluation of MERS- 
CovV Neutralizing Antibodies in Sera Using Live Virus Microneutralization Assay in 107-116 
(2020). doi:10.1007/978-1-0716-0211-9_9). Vero E6 cells [CRL-1580, American Type Culture 
Collection (ATCC)] were grown in Eagle's minimal essential medium (EMEM; Lonza) 
supplemented with 8% fetal calf serum (FCS; Bodinco BV), 1% penicillin-streptomycin (Sigma- 
Aldrich, P4458) and 2 mM L-glutamine (PAA). Cells were maintained at 37*C in a humidified 
atmosphere containing 5% CO2. Clinical isolate SARS-Cov-2/human/NLD/Leiden-0008/2020 
(Leiden L-0008) was isolated from a nasopharyngeal sample and its characterization will be 
described elsewhere (manuscript in preparation). The next-generation sequencing derived 
sequence of this virus isolate is available under GenBank accession number MT705206 and 
shows 1 mutation in the Leiden-0008 virus compared to the Wuhan sequence resulting in 
Asp>Gly at position 614 (D614G) of the Spike protein. Isolate Leiden-0008 was propagated and 
titrated in Vero E6 cells using the TCID50 endpoint dilution method. The TCIDso was calculated 
by the Spearman-Kărber algorithm as described (Hierholzer & Killington, Virology Methods 
Manual — Virus isolation and quantitation (1996).doi:10.1016/B978-0-12-465330-6.X5000-3) All 
work with live SARS-Cov-2 was performed in a biosafety level 3 facility at Leiden University 
Medical Center. 

Vero-E6 cells were seeded at 12,000 cells/well in 96-well tissue culture plates 1 day prior to 
infection. Heat-inactivated (30 min at 56*C) serum samples were analyzed in duplicate. The 
panel of sera were 2-fold serially diluted in duplicate, with an initial dilution of 1:10 and a final 
dilution of 1:1280 in 60 uL EMEM medium supplemented with penicillin, streptomycin, 2 mM L- 
glutamine and 2% FCS. Diluted sera were mixed with equal volumes of 120 TCIDso/60 uL 
Leiden -0001 virus and incubated for 1 h at 37 *C. The virus-serum mixtures were then added 
onto Vero-E6 cell monolayers and incubated at 37 “C in a humidified atmosphere with 5% CO2. 
Cells either unexposed to the virus or mixed with 120 TCIDso/60 uL SARS-CovV-2 were used as 
negative (uninfected) and positive (infected) controls, respectively. At 3 days post-infection, cells 
were fixed and inactivated with 40 uL 37% formaldehyde/PBS solution/well overnight at 4 *C. 
The fixative was removed from cells and the clusters were stained with 50 uL/well crystal violet 
solution, incubated for 10 minutes and rinsed with water. Dried plates were evaluated for viral 
cytopathic effect. Neutralization titer was calculated by dividing the number of positive wells with 
complete inhibition of the virus-induced cytopathogenic effect, by the number of replicates, and 


adding 2.5 to stabilize the calculated ratio. The neutralizing antibody titer was defined as the 
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log2 reciprocal of this value. A SARS-CovV-2 back-titration was included with each assay run to 
confirm that the dose of the used inoculum was within the acceptable range of 30 to 300 TCIDso. 
ELISA 

IgG binding to SARS-Cov-2 Spike antigen was measured by ELISA with the full-length in house 
produced Spike protein COR200099 (hamster studies), or COR200153 (rabbit study). 
COR200099 is an in-house produced SARS-Cov-2 Spike protein, stabilized by two point 
mutations in the S1/S2 junction that knocks out the furin cleavage site, and by two newly 
introduced prolines in the hinge region in S2. In addition, the transmembrane and cytoplasmic 
regions have been replaced by a foldon domain for trimerization mutations, allowing the protein 
to be produced as soluble protein. COR200153 an in-house produced SARS-Cov-2 Spike 
protein based on the Wuhan-Hu-1 SARS-Cov-2 strain (MN908947) and stabilized by two point 
mutations (R682A, R685G) in the S1/S2 junction that knocks out the furin cleavage site, and by 
two consecutive prolines (K986P, V987P) in the hinge region in S2 and A942P. In addition, the 
transmembrane and cytoplasmic regions have been replaced by a fibritin foldon domain for 
trimerization. The protein is C-terminally biotinylated via a sortase A reaction. 

For hamsters, 96-wells Perkin Elmer white '7 area plates were coated overnight with protein. 
For rabbits, plates were incubated for 2 hours at 37*C for coating. Following incubation, plates 
were washed, blocked for 1 hour and subsequently incubated for 1 hour with 3-fold serially 
diluted serum samples in block buffer in duplicate. After washing, plates were incubated for 1 
hour with Rabbit-Anti-Hamster IgG HRP (Invitrogen, catalogue number A18895) or anti-rabbit 
IgG-HRP (Jackson ImmunoResearch) in block buffer, washed again and developed using ECL 
substrate. Luminescence readout was performed using a BioTek Synergy Neo instrument 
(hamster samples) or on an Envision Multimode plate reader (rabbit samples). Hamster 
antibody titers are reported as Log10 endpoint, rabbit titers are reported as Log10 relative 
potency compared to a reference standard. 

Statistical analysis 

Statistical differences across dose levels between immunization regimens were evaluated two- 
sided for S-specific binding antibodies as measured by ELISA, neutralizing titers as measured 
by virus neutralization assay (VNA), viral load as measured by TCIDso, histopathology and IHC 
scores. Across dose levels comparisons between Ad26.S, Ad26.d9TM.PP and Ad26.COV2.S 
groups were made using the t-test from ANOVA with vaccine and dose as factors for 
measurements without censoring at LLOD or LLOG, or the z-test from Tobit ANOVA for 
measurements at most 50% censored, or the Cochran-Mantel-Haenszel test for measurements 


at least 50% censored. Results were corrected for multiple comparisons by 3-fold Bonferroni 
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correction. Exploratory comparisons per dose level, and across dose level of Ad26.S, 
Ad26.dTM.PP and Ad26.C0V2.S groups with groups immunized with an irrelevant antigen, 
Ad26.Empty and Ad26 .Irr, were made using the methods above or the Mann-Whitney U test. 
Due to the exploratory nature of these analysis, results were not corrected for multiple 
comparisons. 

Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc. Cary, NC, US) 
and R version 3.6.1 (2019-07-05). Statistical tests were conducted two-sided at an overall 
significance level of a = 0.05. 

Correlation analysis 

Hamsters were classified either as infected or protected from SARS-CovV-2, defined as a lung 
viral load of either above or below 102 TCIDso/g, respectively. From the binding and neutralizing 
antibody data pooled from different regimens and dose levels of Ad26.COV2.S, logistic 
regression models were built with Firth's correction, with protection outcome as the dependent 
variable, and the wtVNA and Log10 transformed ELISA data before inoculation as the 
independent variable. 

RESULTS 

Establishment of an alternative SARS-Cov-2 Syrian hamster challenge model. 

To assess vaccine immunogenicity, efficacy, and VAERD in hamsters we established an 
alternative Syrian hamster challenge model based on a SARS-Cov-2 strain with predominantly 
the D614G substitution in the spike protein. Male animals (n=12 per inoculation dose level) were 
inoculated with SARS-Cov-2 BetaCoV/Munich/BavPat1/2020 (containing a D614G substitution 
in the S1 fragment) at dose levels 102, 1053, 1046 and 105.9 50% tissue culture infective dose 
(TCIDso) administered by the intranasal route. Daily throat swabs were taken and necropsies 
were performed 2, 3, 4, and 7 days post inoculation (dpi) (n=3 per timepoint), to monitor viral 
load in throat swabs, in lung and nose tissue, and to study respiratory tract pathology. As shown 
in Fig 126A and B, lung and nose tissue viral load assessment revealed high titers of replication 
competent virus as measured by TCIDso in all inoculated animals at 2 dpi, independent of the 
size of the inoculum. The observed lung and nose viral load kinetics after 2 dpi were 
comparable across all tested inoculum quantities. Hamsters inoculated with 10%, 10+6 and 1059 
TCIDso showed highest viral loads in throat swabs at one dpi (Fig 126C), after which viral loads 
decreased to below the limit of detection by maximal five days post inoculation (dpi). By 
contrast, inoculation with the lowest SARS-Cov-2 dose of 102 TCIDso resulted in an increase in 
infectious viral load from one to two dpi, suggesting lung replication, after which the viral load 


decreased to below the limit of detection by day 4 post inoculation. 
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Histological analysis after challenge with 102 TCIDso showed abundant presence of SARS 
nucleocapsid protein antigen (SARS-Cov-2 NP) by immunohistochemistry in areas of severe 
inflammation, characterized by multifocal moderate to severe degeneration and necrosis of 
upper and lower respiratory tract epithelial cells (data not shown). Compared with the higher 
challenge doses, 102 TCIDso induced a comparable extent and severity of inflammation and 
damage throughout the respiratory tract, as determined by blinded semi-quantitative scoring 
(Fig 126D and E), with marginally lower lung histopathology scores at lower dose levels. Taken 
together, these results demonstrate that a low dose challenge inoculum induced a comparable 
viral load and disease pathology compared with higher viral dose challenges. For subsequent 
experiments we selected a 102 TCIDso challenge dose associated with mild to moderate disease 
based on histopathology findings, so that the occurrence of more severe disease could be 
detected in this model and a theoretical risk for VAERD addressed. A 4-day follow up time after 
challenge was chosen as the most optimal time point to simultaneously evaluate lung tissue 
viral load and histopathology. 

Immunogenicity of Ad26.COV2.A in Syrian hamsters. 

Immunogenicity and protective efficacy of our Ad26.COV2.S vaccine candidate was assessed in 
the newly established challenge model described above. For comparison, two prototype Ad26 
based vaccines were used expressing a membrane bound full length wild-type spike protein 
(Ad26.S) or a soluble pre-fusion stabilized spike protein with a C-terminal foldon replacing the 
transmembrane domain (Ad26.dTM.PP). Hamsters were immunized with either 10% or 1010 viral 
particles (VPs) of Ad26.COV2.S and the two prototype vaccines. For each dose level, 
immunogenicity was assessed at various timepoints after single dose, and after a second 
homologous dose given in week 4. Animals were challenged 4 weeks after last vaccine dose 
(Fig 127A). At week 4, Ad26.COV2.S elicited the highest neutralizing antibody titers and 
frequency of responding animals across dose levels (median titer 10% VP 22.6, 10% VP 38.6; 
12/12 responders) compared with Ad26.S (median titer 10% VP 8.5, 10% VP 9.7; 8/12 
responders, p<0.001) and Ad26.dTM.PP (median titer 10 VP 8.5, 10% VP 16.0; 8/12 
responders, p<0.001) (Fig 127B). A second dose, irrespective of vaccine used, increased 
neutralization titers (week 8; Fig 127C). The Ad26.COV2.S vaccine was most immunogenic also 
after two doses, with a median neutralization titer of 128 after two doses of 10% VP and 219 after 
two doses of 1010 VP, compared to respectively 32 and 55 for Ad26.S (p=0.003), and 16 and 61 
for A26.d9TM.PP (p=0.002). 

Binding antibodies measured by ELISA showed the same differences between Ad26.COV2.S 


and the two prototype vaccines (Fig 128A), which is reflected by comparable neutralizing over 
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binding antibody titer ratios (Fig 128B and C). However, a second dose at week 4 only 
transiently increased the median binding antibody titers at week 5 (Fig 1284). Antibody titers 
subsequently declined and at week 8 were comparable to levels observed prior to dose 2 at 
week 4 or lower. 

We confirmed the immunogenicity of Ad26.COV2.S and the two prototype vaccines and the 
benefit of a second dose in rabbits in a 2-dose regimen using an 8-week interval, an interval that 
is also being evaluated in clinical studies. Vaccines were tested at a dose level of 5x10* and 
5x1010 VPs, of which the latter represents the human dose used in phase 3 clinical trials. All 
tested vaccines elicited binding and neutralizing antibody titers as early as 2 weeks after the 1st 
dose with Ad26.COV2.S again inducing higher antibody titers compared to both Ad26.S and 
Ad26.dTM.PP (Supp Fig 129A and B). A second homologous dose at week 8 significantly 
boosted the binding and neutralizing antibody titers at week 10 (2 weeks post second dose) 
when compared across dose to pre-second dose levels (p<0.001). 

Protective efficacy of Ad26.COV2.S against SARS-CovV-2 challenge in Syrian hamsters. 
Next, we studied the protective efficacy of Ad26.COV2.S and the two prototype vaccines 
administered as 1- or 2- dose regimens followed by an intranasal inoculation with 102 TCIDso of 
SARS-Cov-2 D614G virus 4 weeks after the last dose i.e., at week 4 for the 1-dose regimen 
andat week 8 for the 2-dose regimen in Syrian hamsters. At 4 dpi, animals were sacrificed, and 
lungs, nasal turbinates and throat swabs analyzed for viral load and pathological changes. To 
increase the power of the statistical analysis and since we did not observe a pronounced dose 
responsiveness for the virology readouts, we pooled viral load readouts for comparison to the 
Ad26.Empty control group. Comparisons between the three different vaccines (Ad26.COV2.S, 
Ad26.S, Ad26.dTM.PP) were conducted across dose levels. 

After a single vaccination and subsequent challenge, median lung viral load in all vaccine 
groups was significantly lower compared with the Ad26.Empty control group (median viral load 
105 TCIDso/9) (Fig 130A). Virus was detected in the lungs of 11 out of 12 animals immunized 
with a single dose of Ad26.S (median viral load 10% VP 1055 TCIDso/g, 10% VP 105 TCIDso/g), 
and in 10 out of 12 animals immunized with a single dose of A26.dTM.PP (median viral load 10% 
VP 105* TCIDso/g, 101% VP 105” TCID5/g) and no clear effect of vaccine dose was observed. 
By contrast, only 3 out of 12 animals immunized with a single dose of Ad26.COV2.S had 
detectable virus in the lung (median titer of pooled dose levels 1012 TCIDso/g). Of hamsters 
vaccinated with a second dose of Ad26.COV2.S again 9 out of 12 animals had undetectable 
viral load for both vaccine dose levels, suggesting no added value of the second dose. Viral 


loads in the animals with breakthrough infections were also similar to the viral loads in animals 
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with breakthough infections after one vaccination. A second dose of 10% VP Ad26.S or 
Ad26.dTM.PP also had little impact on the lung infection rate post challenge at week 8 (5 out of 
6 animals showed detectable viral load per vaccine) but a second dose of 1010 VP of these 
prototype vaccines was associated with lower median lung viral loads compared with a 1-dose 
regimen (median titer 102 TCIDso/g and 10* TCIDso/g, respectively), suggesting a benefit of a 2 
dose regimen (Fig 130B). 

To determine the impact of the vaccines on viral load in the upper respiratory tract, nasal 
turbinate viral load was determined after sacrifice at 4 dpi, and throat swab viral load was 
determined daily after infection and was analyzed as area-under-curve (AUC) per animal up to 
day 4 post infection. In animals receiving a single vaccine dose, a limited but statistically 
significant reduction in nasal turbinate viral load after challenge was observed for Ad26.d9TM.PP 
but not Ad26.COV2.S and Ad26.S compared with the control group. After 2 vaccine doses, all 
three vaccines induced a significant reduction in nasal turbinate viral load post challenge 
compared to the Ad26.Empty group. By contrast, throat swab viral load data show that none of 
the vaccines reduced viral burden in the throat after single immunization and subsequent 
inoculation with SARS-Cov-2 (Fig 130 C and E), and only animals immunized with two doses of 
Ad26.CO0V2.S had significantiy reduced throat viral load compared to control(Fig 130 E andF). 
The observed protective efficacy results are further supported by immunohistochemistry (IHC) 
staining for SARS-Cov-2 NP in the lung and nose tissue, and by histopathology (Fig 131 and 
132). Lung and nose IHC and histopathology scores were overall consistent with viral load data, 
with lower median scores in the lungs of immunized groups compared with the Ad26.Emtpy 
group (Fig 131) and no reduction in the amount of viral infection and subsequent pathology in 
nose tissues of vaccinated animals compared with the Ad26.empty control group independent of 
vaccine regimen (Fig 132). 

Syrian hamsters immunized with sub-optimal dose levels A26.COV2.S do not show signs 
of VAERD after SARS-CovV-2 inoculation and breakthrough infection. 

Based on the observed immunogenicity and efficacy, Ad26.COV2.S was selected for further 
evaluation in a dose titration study to address the theoretical risk of VAERD under conditions of 
suboptimal immune responses allowing breakthrough infection after SARS-CovV-2 challenge. 
Groups of hamsters were immunized with a single dose of Ad26.COV.S at 107, 10%, 10% or 1010 
VP (4 groups; n=8/group). The control group received 1010 VP of a control vaccine encoding an 
irrelevant antigen (Ad26.Irr). At 4 weeks post immunization we observed a clear dose response 
of binding and neutralizing antibodies, both in number of responding animals and in antibody 


titers, with no detectable neutralizing antibody titers in 3 out of 8 animals at the lowest dose 
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level of 107 VP (Fig 133 and B). For the 10% and 1010 VP doses, median levels of binding 
antibodies (median endpoint titer of 1057 and 103%, respectively) and median neutralizing 
antibody responses (median neutralization titers of 45 and 91, respectively) were consistent with 
observations in the previous study. After challenge with 102 TCIDso SARS-CovV-2, hamsters 
dosed with 10% and 1010 VP of Ad26.COV2.S showed similar frequencies of breakthrough lung 
infection as the comparable groups in the previous study (Fig 130A), with 3 out of 8 and 2 out of 
8 animals with detectable lung viral load in the dose titration study, respectively. Despite the 
increase in the number of animals that had breakthrough infections at lower Ad26.CO0V2.S dose 
levels (6 out of 8 animals that received 10% VP and 8 out of 8 that received 107 VP), the median 
lung viral load titers (median of 10 TCID50/g at 10% VP, median of 105 TCIDso/g at 10” VP) and 
IHC staining of SARS-Cov-2 NP in these groups (median scores 1) were lower than in the 
control group (median lung viral load 1052 TCIDso/g and IHC median score 2) (Fig 133C and D). 
Congruent with lung viral load and IHC staining results, immunization with 108, 10% and 1010 VP 
significantly reduced histopathology in the lower respiratory tract compared with mock- 
immunized hamsters (Fig 1344). Immunization with 10% and 1010 VP resulted in absence of any 
signs of lower respiratory tract histopathology in 4 out of 8 and 3 out of 8 hamsters, respectively. 
Notably, despite detectable breakthrough lung infection in all hamsters dosed with 10” VP and 
in most hamsters immunized with 108 VP, median lower respiratory tract histopathology scores 
were lower when compared with the mock immunized group. The inflammation score of nasal 
tissue (rhinitis) showed no significant differences between vaccinated and control groups (Fig 
134B). Collectively, these data demonstrate that the presence of low levels of neutralizing 
antibodies elicited by sub-optimal Ad26.COV2.S vaccine does not aggravate lung disease in 
challenged Syrian hamsters when compared to a mock vaccine. 

Binding and neutralizing antibodies correlate with protection. 

To determine putative correlates of protection, binding and neutralizing antibody titers from 
different regimens and dose levels were pooled for Ad26.COV2.S (N=56), and compared 
between protected and unprotected animals (Fig 135). Protection from SARS-Cov-2 infection 
was defined as a lung viral load below 102 TCID/g, based on the observation that only few 
animals with detectable viral load fall below this margin, which was likely related to variation in 
the available sample quantity per animal (Fig 129A and B, and Fig 133C). Protected animals 
dosed with Ad26.COV2.S had significantly (2.3-fold) higher median binding antibody titers than 
unprotected animals (p<0.001, two sample t-test) (Fig 135A Similar results were observed for 


an analogous analysis of median neutralizing antibody titers, which were also significantiy (4- 
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fold) increased in animals immunized with Ad26.COV2.S with undetectable lung viral load 
compared with unprotected animals (p<0.001, two sample t-test) (Fig 135B). 

To gain a more quantitative understanding of the relationship between immune response levels 
and protection outcome, we built logistic regression models with Firth's correction (Fig 135C). 
Hamsters were classified either as infected or protected from SARS-CovV-2, defined as a lung 
viral load of either above or below 102 TCIDso/g, respectively. Both binding and neutralizing 
antibodies showed a robust icorrelation with protection probability. Binding antibody titers were 
correlated significantiy with the probability of protection (p=0.0004), with endpoint titers above 
1056 appearing to be linked with protection from lung infection. A comparable significant slope 
(p=0.0002) was observed with neutralizing antibody titers where titers above 32 appeared to be 
linked with protection outcome. 

CONCLUSIONS 

In a previous study (Example 21) using a prototype early SARS-Cov-2 isolate it was 
demonstrated that immune responses elicited by a single dose of Ad26.COV2.S can reduce 
viral load and protect hamsters from severe clinical disease. However, during the ongoing 
SARS-CovV-2 pandemic, a virus variant with a D614G substitution in the spike protein has 
emerged. This mutation has been associated with increased viral fitness, enhanced infectivity 
and has now become the dominant variant in large parts of the world, albeit it may be replaced 
over time by new variants that are constantly emerging. In Syrian hamsters, it was confirmed 
that the D614G variant was associated with higher infectious viral titers in the upper respiratory 
tract but not in the lungs. Here we describe the establishment of an additional hamster 
challenge model of mild to moderate disease using a SARS-CovV-2 strain containing the 
prevalent D614G substitution. We used this model to test the protective efficacy of immune 
responses elicited by our COVID-19 vaccine candidate Ad26.COV2.S and two Ad26-based 
prototype vaccines that encode different SARS-Cov-2 spike variants. Our study demonstrates 
that the disease progression in this hamster challenge model shows features of a moderate 
disease course in humans with clear histopathological lung disease which was only marginally 
exacerbated by inoculating with higher virus doses. Peak lung viral load was not affected by the 
intranasal inoculation dose level suggesting infection of the majority of primary susceptible lung 
cells leading to peak viremia at day 2 post inoculation. In line with our previous studies in NHPs 
and hamsters, Ad26.COV2.S vaccination reduced viral replication by 6 logo below the level 
observed in control animals with many animals that received higher vaccine doses showing 
undetectable viral replication. Ad26.COV2.S significantly outperformed the two prototype 


vaccines, both for immunogenicity as for protective efficacy. Earlier data in combination with the 
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present study indicate that Ad26.COV2.S elicited immune responses give adequate protection 
against SARS-Cov-2 variants with and without the D614G spike mutation. 

We extended previous studies by evaluation of a second homologous dose of Ad26.CO0V2.S 
and the prototype vaccines that only moderately improved binding antibody levels, while 
neutralizing antibody titers were substantially boosted. This contrasts observations in NHP, 
where a second vaccine dose significantly boosted both neutralizing and binding antibody 
levels. Possible explanations include limited translatability of dose levels between hamsters and 
NHP, differential impact of anti-Ad26 vector responses elicited by the first dose on the 
immunogenicity of a second homologous dose between species, and that a shorter interval 
between immunizations can reduce the impact of a second dose, as previously observed in 
NHP . In addition, the high binding antibody levels induced by a single immunization in hamsters 
might represent saturating levels while neutralizing antibodies could still increase after a 
second dose, possibly reflecting extended affinity maturation. The advantage of a second 
homologous vaccine dose for humoral SARS-Cov-2 S-specific immune responses was also 
observed in rabbits immunized with the same Ad26-based vaccines and confirming our clinical 
data (Sadoff, le Gars, NEJM in press). Whether a 2-dose regimen is also preferred for improved 
vaccine efficacy remains to be seen. 

Interestingly, a second dose of Ad26.S or Ad26.dTM.PP increased protection against lung viral 
load after challenge compared with the low protection achieved by a single vaccination of 
hamsters with these prototype vaccines. In contrast, a second dose of Ad26.COV2.S did not 
further increase the already high level of efficacy established by a single dose. This is supported 
by our correlate analysis where the probability of protection increases with a higher antibody 
titer, and if a certain antibody titer is reached protection probability increases only moderately. 
This inverse correlation of antibodies and lung protection confirms our previous study in NHPs 
in this SARS-Cov-2-D614G Syrian hamster model and was irrespective of vaccine, dose level 
or regimen. The correlation of S specific humoral immunity with protection in humans needs 
further investigation once efficacy data is available and may be inform next generation COVID- 
19 vaccine design and other vaccines in development. 

In addition to protection from COVID-19, vaccine-elicited immunity ideally also protects against 
asymptomatic infection as well as against transmission of virus by reduction of viral load in the 
upper respiratory tract. As observed in other SARS-CovV-2 animal models and for other 
respiratory virus infections, the upper respiratory tract appears to be more difficult to protect 


from viral infection and shedding with parental immunization 
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In this hamster challenge model we observed high replication-competent virus levels in the 
nasal turbinates despite the low virus inoculum dose used, which is in line with the observation 
that the spike D614G substitution increases SARS-CovV-2 infectivity in the upper respiratory 
tract of challenged hamsters. As the challenge inoculum dose is low it is unlikely that the viral 
load in nasal turbinates detected 4 days later are derived from the original inoculum. Viral load 
reduction in nose tissue required two vaccine doses, irrespective of the vaccine used. Two 
doses of Ad26.COV2.S was the only regimen that also decreased viral titers in throat swabs. 
Reduction of viremia in the upper respiratory tract was limited compared to the lower respiratory 
tract which is in contrast to our NHP studies where we observed almost complete reduction of 
nasal viral load. This may be explained by a difference in the susceptibility of the nasal 
epithelium for viral replication, or the potentially different composition of immune cells present in 
the respiratory tract between hamsters and primates and different induction of local upper 
respiratory tract immunity by Ad26. Whether Ad26.COV2.5 elicited immunity can protect against 
asymptomatic infection and SARS-Cov-2 transmission remains to be determined in future 
animal studies and from human data. 

Previous studies with candidate coronavirus vaccines against SARS-Cov and MERS indicated 
that disease can be exacerbated by certain vaccine-elicited immune responses. However, 
neither VAERD nor antibody-mediated disease enhancement have been reported following 
vaccination with SARS-Cov-2 vaccine candidates in pre-clinical animal models or in ongoing 
clinical studies including efficacy reports of phase 3 studies of mRNA and other adenoviral 
vector based or whole inactivated vaccines. Nevertheless, vaccine efficacy in clinical studies so 
far was high and the theoretical potential for VAERD requires further investigation especially in 
the setting of suboptimal immunity induced. We therefore assessed the potential for 
Ad26.C0V2.S to predispose for VAERD in a setting where levels of vaccine-induced antibodies 
were not sufficient to prevent viral replication in the lung as animals received only a low 
Ad26.C0V2.S dose. Importantly even in the setting of insufficient immunity not preventing lung 
viral replication, the lower respiratory tract histopathology scores of immunized animals showed 
no signs of VAERD when compared to the control group. Conversely, most vaccinated animals 
with breakthrough infection still showed reduced histopathology compared with control animals. 
These results imply that the theoretical risk that Ad26.COV2.S would predispose for VAERD is 
minimal. 

Our study confirms that the Ad26.COV2.S vaccine candidate is highlyimmunogenic and can 
protect hamsters against challenge with a SARS-Cov-2 virus 614G variant. The excellent 
potency of Ad26.COV2.S and the absence of data that it would predispose for VAERD, supports 
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its continuous evaluation in the ongoing Phase 3 clinical trials in a single and a two dose 
regimen. 

EXAMPLE 30: Immunogenicity of the Ad26.C0V2.S COVID-19 Vaccine in Humans 

As part of the randomized, double-blinded, placebo-controlled phase 1 clinical trial of 
Ad26.C0V2.S (see also Examples 23, 24 and 27), 25 participants were enrolled at a single 
clinical site to assess the immunogenicity of this vaccine in depth. In this Example, the kinetics 
and magnitude of the humoral and cellular immune responses elicited by single-shot and two- 
shot regimens of Ad26.COV2.S are reported. 

MATERIALS AND METHODS 

Study design. 

This study was performed as part (cohort 1b) of a multicenter, randomized, double-blind, 
placebo-controlled Phase 1/2a trial to evaluate safety, reactogenicity and immunogenicity of 
Ad26.COvV2.S at 5x1010 or 1x10" vp administered intramusculariy (IM) as single-shot or two- 
shot vaccine schedules, 56 days apart, in healthy adults. Cohort 1a enrolled adults 18-55 years 
of age (n=375) and focused on collecting primary safety and immunogenicity endpoints. Cohort 
1b (reported here) also enrolled adults 18-55 years of age (n=25) but included two additional 
visits and increased sampling of serum, plasma and peripheral blood mononuclear cells to allow 
for investigation of exploratory endpoints. Cohort 3 (n=375) enrolled participants who were >65 
years of age and tested the same regimens as evaluated in Cohort 1. Participants in cohort 1b 
were enrolled at a single site at Beth Israel Deaconess Medical Center in Boston, MA. The 
protocol was approved by the BIDMC institutional Review Board and was registered at 
ClinicalTrials.gov (NCTO4436276). 

Study participants. 

Eligible participants were 18-55 years old (inclusive) and negative for SARS-Cov-2 infection by 
screening nasopharyngeal PCR and serum immunoglobulin testing. Eligible participants also 
had a body mass index (BMI) <30.0 kg/m?, and were healthy, in the investigator's clinical 
judgment, as confirmed by medical history, physical examination, clinical laboratory 
assessmenis, and vital signs performed at screening, and did not have comorbidities related to 
an increased risk of severe COVID-19. Participants who were of child-bearing potential were 
required to use highly effective contraception and could not be pregnant or breastfeeding. 
Participants were excluded if they were currently working in an occupation with a high risk of 
exposure to SARS-CovV-2 or considered at the investigator's discretion to be at increased risk to 


acquire COVID-19 for any other reason. All participants gave written informed consent and 
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successfully completed an assessment of understanding before the initiation of study 
procedures. Full eligibility criteria are described in the study protocol. 

Randomization and masking. 

Randomization was done by an Interactive Web Response System (IWRS) using randomly 
permuted blocks. The sponsor, clinical staff, investigators, participants, and laboratory 
personnel were blinded to assignment. Sponsor and statisticians were group-unblinded for the 
interim analysis when all participants completed the day 29 visit or discontinued earlier. The 
pharmacist with primary responsibility for study product preparation and dispensing was not 
blinded to group assignment. To preserve blinding, he/she placed an overlay on the syringes. 
Investigational product 

Ad26.C0V2.8 is a recombinant, replication-incompetent Ad26 vector encoding the full length 
and stabilized SARS-Cov-2 S protein derived from the first clinical isolate of the Wuhan strain 
(Wuhan, 2019, whole genome sequence NC_045512), as described herein. Ad26.COV2.S was 
supplied at a concentration of 1x10"! vp/mL as a suspension in single-use vials, with an 
extractable volume of 0.5 mL. Formulation buffer was supplied as 15 mM citrate, 5% (w/w) 
hydroxypropyl-B-cyclodextrin, 0.4% (ww) ethanol, 0.03% (w/w) polysorbate 80, 75 mM NaCI, 
pH 6.2 and placebo is 0.9% NaCI. For blinding purposes, the same volume (1 mL) was 
administered to all participants. Study vaccine was administered by IM injection into the deltoid 
muscle, preferably of the non-dominant arm. Placebo consisted of 1 mL of 0.9% NaCI solution. 
Safety assessments. 

Solicited AES, collected through a diary, were recorded for each vaccination from the time of 
vaccination until 7 days post-vaccination. All other unsolicited AEs and special reporting 
situations, whether serious or non-serious, were reported for each vaccination from the time of 
vaccination until 28 days post-vaccination (data post-second vaccine is not reported here). 
Unsolicited AEs with the onset date outside the timeframe defined above (>28 days after 
previous study vaccination), which are ongoing on the day of the subsequent vaccination, will be 
recorded as such. All SAEs and AEs leading to discontinuation from the study/vaccination 
(regardless of the causal relationship) are reported for all participants from the moment of first 
vaccination until completion of the participants last study-related procedure, which may include 
contact for safety follow-up. All AEs will be followed until resolution or until clinically stable. An 
internal Data Review Committee (DRC), consisting of members that are not directly involved in 
the study conduct, data management, or statistical analysis, was established and will monitor 
data to ensure the continuing safety of the participants enrolled in this study. 


Sample size and statistical analysis. 
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No formal statistical hypothesis for safety or immunogenicity was tested. The number of 
participants was chosen for this study to provide a preliminary safety and immunogenicity 
assessment. Placebo recipients were included for blinding and safety purposes and to provide 
additional control specimens for immunogenicity assays. The full analysis set (FAS) includes all 
participants with at least one vaccine administration documented. The per protocol 
immunogenicity (PPI) population includes all randomized and vaccinated participants for whom 
immunogenicity data are available excluding participants with major protocol deviations 
expecting to impact the immunogenicity outcomes. In addition, samples obtained after missed 
vaccinations or participants with natural infection occurring after screening (if applicable) were 
excluded from the analysis set. No formal statistical testing of safety data is planned. Safety 
data was analyzed descriptively by vaccine group. No formal hypothesis on immunogenicity was 
tested. Descriptive statistics were calculated for continuous immunologic parameters at all 
available time points. Immunogenicity analyses were performed on the PPI population. Analysis 
of immunologic data was performed using GraphPad Prism 8.4.2 (GraphPad Software). 
Comparison of data between groups was performed using two-sided Mann-Whitney tests. 
Correlations were assessed by two-sided Spearman rank-correlation tests. P-values of less 
than 0.05 were considered significant. 

Enzyme-linked immunosorbent assay (ELISA). 

S- and RBD-specific binding antibodies were assessed by ELISA essentially as described 
(Chandrashekar et al., Science 369, 812-817 (2020); Yu et al., Science 369, 806-811 (2020). 
Briefly, 96-well plates were coated with 1ug/ml SARS-Cov-2 S or 2ug/ml SARS-CoV-2 RBD 
protein in 1X DPBS and incubated at 4*C overnight. After incubation, plates were washed once 
with wash buffer (0.05% Tween 20 in 1 X DPBS) and blocked with 350 uL Casein block/well for 
2-3 h at room temperature. After incubation, block solution was discarded and plates were 
blotted dry. Serial dilutions of heat-inactivated serum diluted in casein block were added to wells 
and plates were incubated for 1 h at room temperature, prior to three further washes and a 1h 
incubation with a 1:4000 dilution of anti-human IgG HRP (Invitrogen) at room temperature in the 
dark. Plates were then washed three times, and 100 uL of SeraCare KPL TMB SureBlue Start 
solution was added to each well; plate development was halted by the addition of 100 uL 
SeraCare KPL TMB Stop solution per well. The absorbance at 450nm, with a reference at 
650nm, was recorded using a VersaMax microplate reader. For each sample, ELISA endpoint 
titer was calculated in Graphpad Prism software, using a four-parameter logistic curve fit to 
calculate the reciprocal serum dilution that yields a corrected absorbance value (450nm-650nm) 


of 0.2. Logo endpoint titers are reported. The ELISA assay was developed and qualified for 
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human serum at the Center for Virology and Vaccine Research at Beth Israel Deaconess 
Medical Center. 

Pseudovirus neutralization assay (psVNA). 

The SARS-Cov-2 pseudoviruses expressing a luciferase reporter gene were generated in an 
approach similar to as described previously (Chandrashekar et al., Science 369, 812-817 
(2020); Yu et al., Science 369, 806-811 (2020)). Briefly, the packaging construct psPAX2 (AIDS 
Resource and Reagent Program), luciferase reporter plasmid pLenti-CMV Puro-Luc (Addgene), 
and spike protein expressing pcDNA3.1-SARS-Cov-2 SACT were co-transfected into HEK293T 
cells with lipofactamine 2,000 (ThermoFisher Scientific). The supernatants containing the 
pseudotype viruses were collected 48 h post-transfection; pseudotype viruses were purified by 
filtration with 0.45 um filter. To determine the neutralization activity of the antisera from 
vaccinated animals, HEK293T-hACEZ2 cells were seeded in 96-well tissue culture plates at a 
density of 1.75 x 104 cells/well overnight. Three-fold serial dilutions of heat inactivated serum 
samples were prepared and mixed with 50 uL of pseudovirus. The mixture was incubated at 
37*C for 1 h before adding to HEK293T-hACE2 cells. After 48 h, cells were lysed in Steady-Glo 
Luciferase Assay (Promega) according to the manufacturer's instructions. SARS-Cov-2 
neutralization titers were defined as the sample dilution at which a 50% reduction in RLU was 
observed relative to the average of the virus control wells. The psVNA assay was developed 
and qualified for human serum at the Center for Virology and Vaccine Research at Beth Israel 
Deaconess Medical Center. 

Ad26 neutralization assay. 

A549 human lung carcinoma cells were seeded a day prior to infection at a density of 1 x 104 
cells per well in 96-well plates. E1/E3-deleted, replication-incompetent rAd26.Luc reporter virus 
was mixed with 3-fold serial dilutions of heat-inactivated human serum and then was applied to 
A549 cells at a multiplicity of infection (MOI) of 500. 24 hours post infection, luciferase activity in 
the cells was measured using the Steady-Glo Luciferase Reagent System (Promega, Madison, 
W/1). Neutralization titers were defined as the maximum serum dilution that neutralized 90% of 
luciferase activity. The Ad26 neutralization assay was developed for human serum at the 
Center for Virology and Vaccine Research at Beth Israel Deaconess Medical Center. 
Electrochemiluminescence assay (ECLA). 

ECLA plates (MesoScale Discovery SARS-Cov-2 IgG Panel 2; K15369U-2) were designed and 
produced with 9 antigen spots in each well. The antigens included were SARS-Cov-2 S, SARS- 
CoV-1 S, hCoV-229E S, hCoVv-NL63 S, nCov-OC43 S, and hCoVv-HKU1 S. The plates were 
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rpm with a digital microplate shaker. During blocking the serum was diluted 1:5,000 in Diluent 
100. The plates were then washed 3 times with 150 uL of the MSD kit Wash Buffer, blotted dry, 
and 50 UL of the diluted samples were added in duplicate to the plates and set to shake at 700 
rpm at room temperature for at least 2 h. The plates were again washed 3 times and 50 UL of 
SULFO-Tagged anti-Human IgG detection antibody diluted to 1x in Diluent 100 was added to 
each well and incubated shaking at 700 rpm at room temperature for at least 1 h. Plates were 
then washed 3 times and 150 uL of MSD GOLD Read Buffer B was added to each well and the 
plates were read immediately after on a MESO QuickPlex SQ 120 machine. MSD titers for each 
sample was reported as Relative Light Units (RLU) which were calculated as Sample RLU 
minus Blank RLU for each spot for each sample. The limit of detection was defined as 1000 
RLU for each assay. 

IFN-y enzyme-linked immunospot (ELISPOT) assay. 

ELISPOT plates were coated with mouse anti-human IFN-y monoclonal antibody from MabTech 
at a concentration of 1 ug/well overnight at 4*C. Plates were washed with DPBS, and blocked 
with R10 media (RPMI with 10% heat inactivated FBS with 1% of 100x penicillin-streptomycin, 
1M HEPES, 100mM Sodium pyruvate, 200mM L-glutamine, and 0.1% of 55mM 2- 
Mercaptoethanol) for 2-4 h at 37*C. The Spike 1 and Spike 2 peptide pools contain 15 amino 
acid peptides overlapping by 11 amino acids that span the protein sequence and reflect the N- 
and C- terminal halves of the protein, respectively. Spike 1 and Spike 2 peptide pools were 
prepared at a concentration of 2 ug/well, and 200,000 cells/well were added to the plate. The 
peptides and cells were incubated for 15-20 h at 37*C. All steps following this incubation were 
performed at room temperature. The plates were washed with ELISPOT wash buffer and 
incubated for 2-4 h with Biotinylated mouse anti-human IFN- y monoclonal antibody from 
MabTech (1 ug/mL). The plates are washed a second time and incubated for 2-3 h with 
Alkaline phosphatase-conjugated anti-biotin monoclonal antibody from Vector Laboratories 
(1.33 ug/mL). The final wash was followed by the addition of Nitor-blue Tetrazolium Chloride/5- 
bromo-4-chloro 3 “indolyphosphate p-toludine salt (NBT/BCIP chromagen) substrate solution for 
7 min. The chromagen was discarded and the plates were washed with water and dried in a 
dim place for 24 h. Plates were scanned and counted on a Cellular Technologies Limited 
Immunospot Analyzer. The IFN-y ELISPOT assay was developed and qualified for human 
serum at the Center for Virology and Vaccine Research at Beth Israel Deaconess Medical 
Center. 

IL-4 ELISPOT assay. 
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ELISPOT plates were coated with IL4-l monoclonal antibody from MabTech at 1.5ug/well 
overnight at 4*C. Plates were washed with 1x PBS and blocked with R10 media (RPMI with 
10% heat inactivated FBS with 1% of 100x penicillin-streptomycin, 1M HEPES, 100mM Sodium 
pyruvate, 200mM L-glutamine, and 0.1% of 55mM 2-Mercaptoethanol) for 30min — 4h. Spike 1 
and Spike 2 peptide pools were prepared at a concentration of 2 ug/well, and 200,000 cellsrwell 
were added. The peptides and cells were incubated for 18-48 h at 37*C. All steps following this 
incubation were performed at room temperature. The plates were washed with 1x PBS and 
incubated for 2 h with Biotinylated monoclonal antibody IL4-II from MabTech (1 ug/well). The 
plates are washed a second time and incubated for 1 h with Streptavidin-Alkaline Phosphatase 
from MabTech (1:1000). The final wash was followed by the addition of Nitor-blue Tetrazolium 
Chloride/5-bromo-4-chloro 3 “indolyl phosphate p-toludine salt (NBT/BCIP chromagen) substrate 
solution for 12-15 min. The chromagen was discarded and the plates were washed with water 
and dried in a dim place for 24 h. Plates were scanned and counted on a Cellular Technologies 
Limited Immunospot Analyzer. The IL-4 ELISPOT assay was developed and qualified for human 
serum at the Center for Virology and Vaccine Research at Beth Israel Deaconess Medical 
Center. 

Intracellular cytokine staining (ICS) assay. 

109 PBMCs/well were re-suspended in 100 uL of R10 media supplemented with anti-CD28, 
CD49d monoclonal antibody (1 ug/mL). Each sample was assessed with mock (100 uL of R10 
plus 0.5% DMSO; background control), peptide pools (2 ug/mL), or 10 pg/mL phorbol myristate 
acetate (PMA) and 1 ug/mL ionomycin (Sigma-Aldrich) (100uL; positive control) and incubated 
at 37*C for 1 h. After incubation, 0.25 uL of GolgiStop and 0.25 uL of GolgiPlug in 50 uL of R10 
was added to each well and incubated at 37*C for 8 h and then held at 4*C overnight. The next 
day, the cells were washed twice with DPBS, stained with Aqua live/dead dye (Life 
Technologies) for 10 mins and then stained with predetermined titers of mAbs against CD279 
(clone EH12.1, BB700, BD Pharmingen), CD4 (clone L200, BV711, BD), CD27 (clone M-T271, 
BUV563, BD Pharmingen), CD8 (clone SK1, BUV805, BD), CD45RA (clone 5H9, APC H7, BD) 
for 30 min. Cells were then washed twice with 2% FBS/DPBS buffer and incubated for 15 min 
with 200uL of BD CytoFix/CytoPerm Fixation/Permeabilization solution. Cells were washed 
twice with 1X Perm Wash buffer (BD Perm/WashTM Buffer 10X in the CytoFix/CytoPerm 
Fixation/ Permeabilization kit diluted with MilliQ water and passed through 0.22um filter) and 
stained with intracellulariy with mAbs against Ki67 (clone B56, Alexa488, BD), IL21 (clone 3A3- 
N2.1, PE, BD Pharmingen), CD69 (clone TP1.55.3, ECD, Beckman Coulter), IL10 (clone JES3- 
9D7, PE CY7, Biolegend), IL13 (clone JES10-5A2, BV421, BD Pharmingen), IL4 (clone MP4- 
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25D2. BV605, Biolegend), TNF-a (clone Mab11, BV650, BD), IL17 (clone N49-653, BV750, 
BD), IFN-y (clone B27; BUV395, BD), IL2 (clone MQ1-17H12, BUV737, BD Pharmingen), IL6 
(clone MQ2-13A5, APC, BD), CD3 (clone SP34.2, Alexa 700, BD), for 30 min. Cells were 
washed twice with 1X Perm Wash buffer and fixed with 250UL of freshly prepared 1.5% 
formaldehyde. Fixed cells were transferred to 96-well round bottom plate and analyzed by BD 
FACSymphony system. The ICS assay was developed for human serum at the Center for 
Virology and Vaccine Research at Beth Israel Deaconess Medical Center. 

RESULTS 

Study Design 

Twenty-eight participants were screened between Jul 27, 2020 and Aug 7, 2020 at Beth Israel 
Deaconess Medical Center in Boston, MA. Two participants were ineligible due to a positive 
diagnostic test for SARS-Cov-2 at screening, and one was ineligible due to body mass index 
>30 kg/m?. Twenty-five participants were randomized and received at least one dose of vaccine 
or placebo. Participants were randomly allocated to one of five experimental groups 
(N=5/group): (i) 5x10 vp Ad26.COV2.S (low dose; LD) on day 1 and day 57 (LD/LD); (ii) LD on 
day 1 and placebo on day 57 as a single-shot vaccine (LD/PL); (iii) 1x10 vp Ad26.COV2.S 
(high dose; HD) on day 1 and day 57 (HD/HD); (iv) HD on day 1 and placebo on day 57 as a 
single-shot vaccine (HD/PL); or (v) placebo on day 1 and day 57 (PL/PL). Safety data from 
these 25 participants have been reported separately (Sadoff et al., New Engl. J. Med,, in press). 
Kinetics and Magnitude of Binding and Neutralizing Antibody Responses 

By day 8 following immunization, binding antibodies were observed in 65% (13 of 20) of vaccine 
recipients against full-length spike (S) (Fig. 136A; P=0.0194, two-sided Mann-Whitney test) and 
in 90% (18 of 20) of vaccine recipients against the receptor binding domain (RBD) (Fig. 136B; 
P=0.0033, two-sided Mann-Whitney test) by ELISA. A trend was also observed on day 8 for 
virus neutralizing antibodies in 25% (5 of 20) of vaccine recipients (Fig. 136C) by a luciferase- 
based pseudovirus neutralizing antibody (psVNA) assay (5-7). These data demonstrate rapid 
induction of binding and neutralizing antibody responses following Ad26.COV2.S vaccination in 
humans. 

By day 15, S-specific and RBD-specific binding antibodies were observed in 100% (20 of 20) 
vaccine recipients (Fig. 137A), and neutralizing antibodies were observed in 85% (17 of 20) 
vaccine recipients (Fig. 137B). Binding and neutralizing antibodies continued to increase on 
days 29, 57, and 71. By days 57 and 71, 100% (20 of 20) vaccine recipients showed 
neutralizing antibodies as well as S- and RBD-specific binding antibodies. On day 71, the 
geometric mean titers (GMTs) of S-specific binding antibodies were 2432, 3249, 5729, 2852, 
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and 20, the GMTs of RBD-specific binding antibodies were 1018, 2023, 3666, 2372, and 21, 
and the GMTs of neutralizing antibodies were 242, 375, 449, 387, and 13 in the LD/LD, LD/PL, 
HD/HD, HD/PL, and PL/PL groups, respectively (Fig. 137A, B). Taken together, these data 
demonstrate the rapid kinetics and robust magnitude of binding and neutralizing antibody 
responses following both single-shot and two-shot regimens of Ad26.COV2.S. In the single- 
shot groups, the persistence and increase of antibody responses through day 71 suggest 
durability of these responses. 

The second immunization on day 57 increased binding antibody titers by an average of 2.56 fold 
(range 1.58-3.04) and neutralizing antibody titers by an average of 4.62 fold (range 3.56-5.68) in 
the LD/LD and HD/HD groups on day 71, similar to previous results (see Example 27). 
However, the overall GMTs in the two-shot vaccine groups were comparable to the GMTs in the 
single-shot vaccine groups on day 71, potentially reflecting the small numbers of participants in 
each group and the fact that there were two low responders in the LD/LD and HD/HD groups 
prior to the boost. A trend towards higher binding and neutralizing antibody responses was 
observed in the HD/HD group compared with the LD/LD group. The immunologic response to 
the boost was also manifested by an increase in Ad26 vector-specific neutralizing antibodies in 
the LD/LD and HD/HD groups on day 71 (Fig. 127B). 

S-specific and RBD-specific binding antibody titers on day 29 strongly correlated with each 
other (P<0.0001, R=0.9838, two-sided Spearman rank-correlation test; Fig.138), and both 
correlated with neutralizing antibody titers on day 29 (P<0.0001, R=0.8809 and P<0.0001, 
R=0.8604, respectively, two-sided Spearman rank-correlation tests; Fig. 138). These data 
suggest that vaccine-elicited antibodies generally bound both S and RBD and exhibited robust 
virus neutralization capacity. 

To evaluate the specificity of the antibody responses to SARS-CovV-2, we utilized an 
electrochemiluminescence assay (ECLA; Meso Scale Discovery SARS-Cov-2 IgG Panel 2; 
K15369U-2). We assessed reactivity against full-length S proteins from SARS-CoV-2, SARS- 
CoV-1, CoV-229E, CoV-HKU1, CoV-NL63, and Cov-OC43. Ad26.C0V2.S vaccination induced 
SARS-CovV-2 S-specific antibodies by ECLA (Fig. 139A) that were comparable to ELISA (Fig. 
137A). Cross-reactive responses were also observed to the S protein from SARS-Cov-1 at 
approximately 10-fold lower magnitude than SARS-CovV-2 (Fig. 1394). High background levels 
of antibodies were observed at baseline for the S proteins from the common cold coronaviruses 
CoV-229E, CoV-HKU1, CoV-NL63, and Cov-OC43, with no clear increase in these responses 
following vaccination (Fig. 139B). These data suggest that Ad26.CoV.S elicited low levels of 
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cross-reactive antibodies against SARS-CoV-1 but minimal to no antibodies against the more 
distantly related common cold CoVs. 

Cellular Immune Responses 

We assessed S-specific cellular immune responses by IFN-y and IL-4 ELISPOT assays in 
peripheral blood mononuclear cells (PBMCs) of all participants, as well as multiparameter 
intracellular cytokine staining (ICS) assays in a subset of participants for which there were 
sufficient PBMCs. IFN-y ELISPOT responses were observed in 65% (13 of 20) of vaccine 
recipients by day 15 and in 84% (16 of 19) of vaccine recipients by day 71, with no clear 
differences in cellular immune responses among groups (Fig. 140A). No IL-4 responses were 
observed, indicating a strongly TH1-biased cellular immune response. Multiparameter ICS 
assays confirmed the induction of central memory CD27+ CD45RA- CD4+ and CD8+ T cell 
responses in all but one vaccine recipient studied (Fig. 140B). IFN-y ELISPOT responses 
correlated with S-specific binding antibody titers, RBD-specific binding antibody titers, and 
neutralizing antibody titers on day 29 (P=0.0045, R=0.5492; P=0.0056, R=0.5378; and 
P=0.0031, R=0.5676, respectively, two-sided Spearman rank-correlation tests; Fig. 141). 
DISCUSSION AND CONCLUSIONS 

We report here a detailed immunologic analysis of 25 individuals who received various 
regimens of Ad26.COV2.S or placebo in a phase 1 clinical trial. Overall, immunogenicity was 
comparable with the 810 individuals in the parent study (See Example 27 and Sadoff et al., New 
Engl. J. Med., in press). We extend these previous results by showing the rapid induction of 
antibodies by one week following vaccination, with RBD-specific binding antibodies detected in 
90% of vaccine recipients by day 8. These data demonstrate that Ad26.COV2.S induces rapid 
and complex antibody responses with likely durability as well as cellular immune responses 
following a single immunization. 

A central hypothesis for most current COVID-19 vaccine programs is that antibodies against the 
SARS-Cov-2 S protein are protective. Most programs are therefore focused on strategies that 
induce virus-specific neutralizing antibodies, but it is possible that other antibody functions may 
also contribute to protection. Binding, neutralizing, and functional non-neutralizing antibodies all 
correlated with protective efficacy following DNA and Ad26 vaccination in rhesus macaques 
(Mercado et al., Nature 586, 583-588 (2020): Yu et al., Science 369, 806-811 (2020)). We 
recently showed that adoptive transfer of purified IgG from convalescent macaques protected 
naive macaques against SARS-Cov-2 challenge in a dose-dependent fashion (Chanarashekar 
et al., Science 369, 812-817 (2020); McMahan et al., Correlates of protection against SARS- 
CoV-2 in rhesus macaques. Nature (2020)). S-specific binding antibody titers of 400, RBD- 
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specific binding antibody titers of 100, and neutralizing antibody titers of 50 represented the 
thresholds for protection in this preclinical model, but correlates of protection have not yet been 
determined for protection against COVID-19 infection or disease in humans. Nevertheless, it is 
worth noting that the antibody titers induced in humans by Ad26.COV2.S (Fig. 137) substantially 
exceed these previously defined thresholds utilizing essentially the same assays. T cell 
responses may also contribute to protection, particularly in the setting of waning or borderline 
antibody responses. 

Rapid, potent, and durable induction of a diversity of functional antibody responses may be 
critical for a COVID-19 vaccine. Ad26.COV2.S is highly immunogenic following a single-shot 
immunization and does not require a subzero frozen cold chain, both of which may provide 
substantial logistic and practical advantages for mass vaccination campaigns. 

By day 8 after initial immunization, binding antibodies rapidly emerged in the majority of vaccine 
recipients, and neutralizing antibodies were observed in a subset of individuals. Binding and 
neutralizing antibodies were detected in 100% of vaccine recipients by day 57 after a single 
immunization. These data demonstrate that Ad26.COV2.S induced antibody responses with 
rapid kinetics as well as cellular immune responses. Two phase 3 clinical trials are currently 
underway to determine the efficacy of the Ad26.COV2.S vaccine in humans. 

EXAMPLE 31: A Randomized, Double-blind, Placebo-controlled Phase 3 Study to Assess 
the Efficacy and Safety of Ad26.C0V2.S for the Prevention of SARS-CovV-2-mediated 
COVID-19 in Adults Aged 18 Years and Older (ENSEMBLE) 

This study is an ongoing, randomized, double-blind, placebo-controlled Phase 3, pivotal 
efficacy, safety and immunogenicity study, conducted in North, Central and South America and 
South Africa, in adults 18 to <60 years of age (Stage 1) and 260 years of age (Stage 2), with 
and without comorbidities that are associated with increased risk of progression to severe 
COVID-19 . The efficacy, safety, and immunogenicity of a single dose of Ad26.COV2.S is being 
evaluated in participants, living in, or going to locations with high risk for acquisition of SARS 
CovV 2 infection. Good representation of age and presence/absence of comorbidities in the 
study population was achieved through stratification at randomization. Efforts were made to also 
ensure good representation in terms of race, ethnicity, and gender. The co-primary objectives 
are to demonstrate the efficacy of a single dose of Ad26.COV2.S 5x1010 vp in the prevention of 
molecularly confirmed, moderate to severe/critical COVID-19 with onset at least 14 days and at 
least 28 days post-vaccination, as compared to placebo, in SARS-Cov-2 seronegative adults. 
Other key endpoints include efficacy in the prevention of severe/critical COVID-19 (including 


deaths and medical interventions), efficacy in the prevention of all symptomatic COVID-19 
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(including mild, moderate and severe/critical disease as measured by a severity-adjusted 
weighed BOD analysis), and efficacy in adults 260 years of age. 

This Example describes the efficacy of Ad26.COV2.S evaluated in this Phase 3 study. In this 
large, multi-country pivotal efficacy study, the vaccine was shown to be efficacious in the 
prevention of moderate to severe/critical COVID-19 in an adult population that was ethnically 
and geographically diverse. 

The initial planned sample size of 60,000 participants was calculated at the operational cut-off 
date prior to study start based on the uncertainty of the epidemiological situation in combination 
with the ability to provide a high probability (approximately 90%) to reach a time to signal within 
8 months of the study for a vaccine with an assumed 60% VE. Once it became evident that the 
incidence of COVID-19 was substantially higher than initially assumed at the start of the study, 
the sample size was reduced to approximately 40,000 participants. 

Identification and molecular confirmation of SARS-Cov-2 infection and symptomatic COVID-19 
was performed throughout the study as described in the clinical study protocol. Molecular 
confirmation of SARS-Cov-2 infection (using the Abbott Real Time SARS-Cov-2 RT-PCR assay 
[Abbott 2020]) by a central laboratory (University of Washington [UW Virology laboratory]) was 
used for the analysis of the case definition. 

The term severe/critical COVID-19 cases refers to cases that were clinically assessed by a 
Clinical Severity Adjudication Committee and adjudicated as severe/critical. Classification of 
severity was based on the highest degree of severity during the observation period. All analysis 
including severe/critical cases are based on adjudication unless stated otherwise. 

The occurrence of COVID-19-related hospitalization and COVID-19-related complications (such 
as but not limited to hyperinflammatory syndrome, pneumonia, neurological or vascular 
complications, severe pneumonia, severe neurological or vascular events, acute respiratory 
distress syndrome, renal complications, sepsis, septic shock, death [WHO 2020d]) was 
monitored throughout the study. 

The primary objective of the COV3001 study was to demonstrate the efficacy of Ad26.COV2.S 
in the prevention of moleculariy confirmed (defined as a positive SARS-Cov-2 viral RNA result 
by a central laboratory using a PCR-based or other molecular diagnostic test) moderate to 
severe/critical COVID-19, as compared to placebo, in SARS-Cov-2 seronegative adults. 

The Full Analyis Set (FAS) comprises all randomized participants who receive at least one 


vaccine administration. 
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The Per-Protocol (PP) set comprises a subset of FAS, excluding (i) subjects with major protocol 
deviations impacting efficacy; (ii) seropositive at baseline (Day 1); (iii) PCR+ at baseline, if 
available* (Day 1) (*all cases were analyzed for Day 1 PCR). 

All efficacy analyses were performed on the PP (per protocol) set unless stated otherwise. The 
PP set includes participants who received study vaccine and who were seronegative at the time 
of vaccination and who had no other major protocol deviations that were judged to possibly 
impact the efficacy of the vaccine. 

The primary analysis was supplemented with subgroup analyses for age group (18 to <60 
years, 260 years) and presence of comorbidities (yes/no) employing a descriptive summary 
including (unadjusted) 95% Cls to describe the VE in each subpopulation using the same 
methods. 

At the time of the primary analysis the following secondary endpoints were tested: 

. The VE against all symptomatic COVID-19 with onset at least 28 and at least 14 days 
after vaccination, evaluated by means of the (Burden of Disease (BOD) endpoint. The BOD 
evaluates the severity-adjusted VE against preventing symptomatic COVID-19. A higher weight 
is assigned to severe infections (severe cases receive a score of 2, and non-severe 1) and, as 
such, the BOD endpoint aims at providing higher statistical power for differentiating from 
placebo vaccines with increased protection against severe infections., 

. VE against severe/critical COVID-19 with onset at least 28 and/or at least 14 days post 
vaccination. 

The following endpoints were also analyzed descriptively (including 95% CI): 

. VE against COVID-19 needing medical intervention with onset at least 28 and at least 14 
days post vaccination (23 cases with onset from Day 29 and Day 15, respectively, had to be 
available). COVID-19 needing medical intervention (such as a composite endpoint of 
hospitalization, ICU admission, mechanical ventilation, and ECMO, linked to objective measures 
such as decreased oxygenation, X-ray or CT findings) was determined based on Medical 
Resource Utilization data which were collected through the Medically-attended COVID-19 Form. 
. VE against all SARS-CovV-2 infections with onset from Day 29 (>15,000 participants had 
to have a Day 71 sample available). 

. VE against asymptomatic/ or undetected cases with onset from Day 29 (all participants 
had to have at least 6 months of follow-up). 

Other secondary endpoints that are described descriptively include VE against moleculariy 
confirmed mild COVID-19 and against COVID-19 per the US FDA harmonized COVID-19 case 


definition, subgroup analyses by age, presence/absence of comorbidities, sex, region, country, 
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race, ethnicity and HIV status and viral load after infection. To assess potential time-effects of 
VE, cumulative incidence plots over time using the Kaplan-Meier methods were used. 

Due to the high COVID-19 incidence rate during the conduct of the study, not all cases were 
confirmed by the central laboratory (UowW) at the time of the primary analysis. There was a high 
number of cases with symptoms meeting the COVID-19 case definition and at least 1 positive 
PCR result from another source (local or central). Therefore, the primary analysis is 
supplemented with a sensitivity analysis including cases with at least one positive PCR result, 
irrespective of the source of that test. Although the analyses are non-inferential, the same a- 
level was used as for the respective inferential analyses. 

PARTICIPANT INFORMATION: 

A total of 43,783 participants were randomized (21,895 in the Ad26.COV2.S 5x10" group and 
21,888 in the placebo group), all of whom received study vaccination and 39,321 (19,630 in the 
Ad26.C0vV2.S 5x10" group and 19,691 in the placebo group) were included in the PP set. Data 
presented in this section are for the PP set. 

Of the participants in the PP set, none of the participants had completed the study and 130 
(0.3%; (41 [0.2%] participants in the Ad26.COV2.S 5x10 group and 89 [0.5%] participants] in 
the placebo group) had discontinued the study prematurely, mainly due to withdrawal of consent 
(30 [0.2%] participants and 62 [0.3%] participants, respectively). At the time of the primary 
analysis, the median follow-up after vaccination was 58 days and 21,491 participants in the PP 
set had at least 2 months of follow-up. 

Study participants who became eligible to receive an authorized/licensed COVID-19 vaccine 
could request unblinding per protocol. Up to the cutoff date of 22 January 2021, 2,257 (5.2%) 
participants were unblinded to receive an authorized/licensed COVID-19 vaccine during the 
course of this study. 

No relevant differences in demographics and baseline characteristics were observed between 
the Ad26.COV2.S group and the placebo group. Randomization was stratified by site, age and 
presence/absence of comorbidities and efforts were made to ensure good representation in 
terms of race, ethnicity, and gender: 

Main Findinags for demoagraphics of study population: 

Age distribution >=60 (33,5%), >=65 (19,6%), >=75 (3,5%), >=80 (1%) 

Gender: 45% females, 55% males 

Region: 44% US, 41% Central and South America, and 15% South Africa 


Race: 19,5% were black or African American (in US 13%) 
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Comorbidities (overall 41%, obesity (28,5%), type 2 diabetes (7,3%), hypertension (10,3%), HIV 
(2,8%), also other immunocompromised participants were in the study 

In the PP set, the majority of participants came from North America (46.7%) and Central and 
South America (40.6%); the other participants came from South Africa (12.7%). Overall, 62.1% 
of the participants were White and 17.2% were Black or African American; 8.3% were American 
Indian/Alaska Native, and 3.5% were Asian; 45.1% of the participants were Hispanic or Latino. 
In the PP set, 44.5% of participants were female and 55.5% were male. The median age was 
53.0 years (range: 18 to 100). The intended enrollment target of a minimum of approximately 
30% of participants 260 years of age and approximately 20% of participants 218 to <40 years of 
age was reached, with 34.6% of participants 60 years of age and 22.2% of participants 218 to 
<40 years of age. In total 20.4% and 3.7% of the participants were 265 and 275 years of age, 
respectively. The median body mass index (BMI) was 26.90 kg/m2 (range: 2.3; 82.6 kg/m2). 

In the full analysis set (FAS, i.e. all randomized participants with a documented study vaccine 
administration, regardless of the occurrence of protocol deviations and serostatus at enrolment) 
9.6% of the participants were SARS-Cov-2 seropositive at baseline. These participants were 
excluded from the PP set. 

Overall in the PP set, 39.9% of the participants had one or more comorbidities associated with 
increased risk of progression to severe COVID-19 at baseline. Most common comorbidities 
were obesity (27.5%), hypertension (10.3%), type 2 diabetes mellitus (7.2%), serious heart 
conditions (2.4%) and asthma (1.3%). Other comorbidities were present in <1% of the 
participants. HIV-infection was reported at baseline in 2.5% of the participants. 

Efficacy analyses 

A summary of efficacy analyses based on the number of COVID-19 cases occurring at least 14 
days and at least 28 days after vaccination is presented in Table 1 and Table 2, respectively. 

In the sections below, vaccine efficacy is described for confirmed COVID-19 cases in 
seronegative participants, unless clearly specified otherwise. If <6 cases are observed for an 
endpoint, the VE is not displayed. 

Text, tables and figures show the a false positive controlled 95% Confidence Interval (CI) 
(further referred to as 'adjusted CI”) when a statistical hypothesis was evaluated (primary 
endpoints, VE against any all symptomatic infection [BOD] endpoint, and VE against 
severe/critical COVID-19 and VE against COVID-19 needing medical intervention), otherwise 
data are summarized descriptively, using a 95% CI. 

For participants with molecularly confirmed COVID-19, the follow-up time is defined as the time 


between vaccination and the time of onset of the case. For all subjects without confirmed 
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COVID-19, follow-up time is defined as the time since vaccination until the last available 
measurement (for subjects ongoing in the study) or study discontinuation/completion. Note that, 
non-confirmed cases are counted as 'no case in the calculation of follow-up for all analyses, 
except for the sensitivity analyses including confirmed and non-confirmed cases; in these 
analyses follow-up of the non-confirmed cases follow-up is defined as the time between 
vaccination and the time of the positive PCR test from any source. 

It is noted that the trial was conducted at the height of the COVID-19 pandemic in 8 countries 
and three regions, during which disease spread has accelerated throughout the world resulting 
in people having increased exposure to the virus, and in a time wherein newly emerging strains 


of coronavirus including some which are more infectious were occurring (see FIG. 145). 
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Table 1 


TEFSUMOIL_A: Summary of Vaccine Efficacy Against COVID-19 with Onset at Least 14 Days After Vaccination; Per Protocol Set (Study 


VAC31518C0V3001) 
Ad26 Sel0vp Placebo 
(N)/Person- (N)/Person- 
1! Cases Years f/Cases Years VE 95% CI Adiusted 95% CI 
Analysis set: Per protocol set (19630) (19691) 
Risk set (19514) (19544) 
Primary endpoint 
Moderate and severe/critical 
COVID-19 116 3116.57 348 3096.12 66.9% (59.03; 73.40) 
Age 18-59 years 95 2106.82 260 2094.97 63.7% (53.87; 71.58) 
Age >=60 years 21 1009.75 88 1001.15 76.3% (61.58; 86.04) 
Secondary endpoints 
Any symptomatic COVID-L9 
severity 117 3116.46 351 3095.92 66.9% (59.07; 73.37) 
Mild l 3116.46 3 3095.92 ] 
Moderate 102 3116.57 288 3096.12 64.8% (55.75; 72.21) O 
Severe/critical 14 3125.05 60 3122.03 76.7% (54.56; 89.09) d 
AL symptomatic COVID-19 i 
(BODY 117 3116.46 351 3095.92 68.1% (60.26; 74.32) 
Age 18-59 ycars 95 2106.82 260 2094.97 65.8% (56.22; 73.10) 
Age >=60 years 22 1009.64 91 1000.95 74.53% (57.91; 84.33) 
Reg. Medical intervention 2 3125.92 8 3126.10 75.0% (-25.28; 97.41) 
Supplementary Endpoints 
Primary endpoint including non- 
confirmed cases 173 3113.88 509 3089.06 66.3% (59.86; 71.79) 
US FDA Harmonized COVID-19 
cases 114 3116.60 345 3096.30 67.2% (59.32; 73.67) 


The adjusted CI implements type I error control for multiple testing; and is presented upon meeting the prespecified testing conditions. 
If less than 6 cases are observed for an endpoint then the VE will not be shown. 

“The risk set are all subjects of the Per Protocol Set excluding; subjects that had a positive PCR test between day 1 and day 14. 

»BOD: Burden Of Disease is a weighted version of the mild, moderate, and severe/critical vaccine efficacies. 

NE: Not Evaluable 
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Table 2 


TEFSUMO1_C: Summary of Vaccine Efficacy Against COVID-19 with Onset at Least 28 Days After Vaccination; Per Protocol Set (Stu dy 


VAC31518C0V3001) 


Analysis sct: Per protocol sct 
Risk seta 


Primary endpoint 
Moderate and severe/critical COVID-19 
Age 18-59 years 
Age >=60 years 


Secondary endpoints 
All SAR S-Cov 2 infections 

Any symptomatic COVID-19 severity 
Mild 
Moderate 
Severe/critical 

Asy mptomatic SARS-CoV-2 

infections 


All symptomatic COVID-19 (BODYP 
Age 18-59 years 
Age >=60 years 

Reg. Medical intervention 


Supplementary Endpoints 
Primary endpoint including non- 
confirmed cases 
US FDA Harmonized COVID-19 cases 


Ad26 5e10 vp 
(N)/Person- (N)/Person- Adjusted 95% 
7/Cases Years */Cases Years VE 95% CI CI 
(19630) (19691) 
(19306) (19178) 
66 3102.00 193 3070.65 66.1% (55.01; 74.80) 
52 2097.60 152 2077.01 66.1% (53.30; 75.77) 
14 1004.39 41 993.64 66.2% (36.74, 82.99) 
71 3101.59 214 3069.58 67.2% (56.86, 75.26) 
66 3102.00 195 3070.53 66.5% (55.50; 75.05) 
) 3102.00 2, 3070.53 
61 3102.00 159 3070.65 62.0% (48.68, 72.21) 
5 3106.15 34 3082.58 85.4% (54.15, 96.90) 
5 3101.59 19 3069.58 74.0% (27.89; 92.40) 
66 3102.00 195 3070.53 69.0% (56.68, 77.64) 
52 2097.60 152 2077.01 69.3% (57.42; 77.68) 
14 1004.39 43 993.52 67.9% (38.17; 82.77) 
0 3106.43 5 3084.42 
113 3100.26 324 3065.86 65.5% (57.15; 72.41) 
65 3102.02 193 3070.58 66.7% (55.63; 75.23) 


The adjusted CI implements type I error control for multiple testing and is presented upon meeting the prespecified testing conditions. 
If less than 6 cases are observed for an endpoint then the VE will not be shown. 


“The risk set are all subjects of the Per Protocol Set excluding subjects that had a positive PCR test between day 1 and day 28. 
»BOD: Burden Of Disease is a weighted version of the mild, moderate, and severe/critical vaccine efficacies. 


NE: Not Evaluable 
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Results: 

The study generated high quality data in multiple regions (North and South America, Africa) at a 
time when the incidence of SARS-Cov-2 was very high and new lineages of the virus were 
emerging. 

The study met its co-primary objectives: 

A single dose of Ad26.COV2.S vaccine was efficacious in the prevention of moderate to 
severe/critical COVID-19 with VE of 67% and 66% post Day 14 and post Day 28 post 
vaccination. 

In US, a single dose of Ad26.COV2.S vaccine was efficacious in the prevention of moderate to 
severe/critical COVID-19 with VE of 77% and 72% post Day 14 and post Day 28 post 
vaccination. 

The onset of efficacy was evident as of day 14, with efficacy increasing through day 56, 
especially against severe disease. This finding is consistent with available immunogenicity 
results, with neutralizing and binding antibody titers detected from day 14 onwards, which 
continued to increase up to day 56 with no indication of waning up to day 84. 

Moderate COVID-19 cases in the vaccine group reported fewer symptoms than moderate 
COVID-19 cases in the placebo group. 

The results were consistent when using only PCR+ cases that were confirmed by the central 
laboratory or when using all PCR+ cases irrespective of confirmation by the central laboratory. 
Vaccine efficacy increased with severity: 

High vaccine efficacy (85% overall, after Day 28) was noted against severe/critical COVID-19 
with efficacy observed as early as Day 7 (77% as of Day 14). 

This high vaccine efficacy was consistent across countries and regions, including South Africa 
where almost all cases were due to the new variant of SARS-CoV-2 (B.1.351) (based on 
partially available sequencing data: 45/48 with B.1.351) 

For participants with a COVID-19 episode requiring medical intervention defined as 
hospitalization, ICU, ECMO or mechanical ventilation, there were 2 cases reported in the 
vaccinated group versus 8 cases in the placebo group after Day 14 and no cases versus 5 
cases after Day 28. Investigation of potential under-reporting is ongoing. 

All COVID-19 confirmed deaths (5) occurred in the placebo group. 

The co-primary endpoints were the occurrence of confirmed moderate to severe/critical COVID- 
19 cases in seronegative participants, with onset at least 28 days and at least 14 days after 
vaccination with Ad26.COV2.S compared to placebo. A successful primary endpoint conclusion 


required a VE of >30% with a point estimate of 250% and a favorable split between the 
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Ad26.C0V2.S and placebo group for severe cases with at least 5 cases in the placebo group. 
At the time of the primary analysis, in the PP set, there were 259 moderate to severe/critical 
COVID-19 cases which occurred at least 28 days and 464 cases which occurred at least 14 
days after vaccination. The prespecified criteria (see above) for a successful primary analysis 
have been met for both co-primary endpoints and, therefore, efficacy of Ad26.COV2.S against 
moderate and severe/critical COVID-19 has been established from 14 days after vaccination 
onwards. 

The VE (adjusted 95% CI) against moderate to severe/critical COVID-19 which occurred at least 
28 days after vaccination was 66.1% (55.01; 74.80) and 66.9% (59.03; 73.40) when evaluated 
at least 14 days after vaccination The case split for cases occurring at least 28 days after 
vaccination was 66 vs 193 in the Ad26.COV2.S group vs the placebo group, respectively. For 
cases occurring at least 14 days after vaccination there were 116 and 348 cases, respectively. 
The case split for severe/critical cases occurring at least 28 days and at least 14 days after 
vaccination was 5 vs 34 and 14 vs 60, respectively 

Supplemental analyses evaluated the VE against moderate to severe/critical COVID-19 by age 
category (218 to <60 years, 260 years). VE (CI) in participants 260 years of age was at least 
equally high compared to adult participants <60 years: 66.2% (36.74; 82.99) and 76.3% (61.58; 
86.04) with onset at least 28 days and at least 14 days after vaccination, respectively, in 
participants >60 years of age and 66.1% (53.30; 75.77) and 63.7% (53.87; 71.58), respectively, 
in participants <60 years of age. Additional subgroup analyses by baseline SARS-Cov-2 
serostatus and demographic and baseline characteristics are discussed below. 

The early onset of protection against confirmed moderate to severe/critical COVID-19 is 
apparent in Figure 142 and Figure 143, which display the cumulative incidence for the first 
occurrence of confirmed moderate to severe/critical COVID-19 with onset at least 1 day after 
vaccination. The cumulative distribution curves begin to separate between the Ad26.COV2.S 
and the placebo group around 14 days after vaccination and VE continues to increase up to Day 
56 with no indication of waning up to Day 85, which is in line with the finding in the phase" trial, 
in which a neutralizing antibody response was observed as of Day 15 onwards, with increasing 
GMTs and percentage of responders up to Day 57. 

Efficacy against severe disease increased over time with no cases in vaccinated participants 
reported after day 49. 

Of the 259 and 464 moderate to severe/critical COVID-19 cases occurring at least 28 days and 


at least 14 days after vaccination, respectively, 39 and 74 were severe/critical and 220 and 390 
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were moderate. In addition, up to the cut-off date of the analysis, 2 and 4 mild COVID-19 cases 
with onset at least 28 and 14 days after vaccination, respectively, were reported. 

Vaccine Efficacy Against Severe/Critical COVID-19 

Vaccine efficacy against severe/critical COVID-19 was statistically tested against a null 
hypothesis of VE<0%. The prespecified criterion for success was met based on cases with 
onset at least 28 days as well as based on cases with onset at least 14 days after vaccination 
(adjusted 95% CI is >0) and, therefore, the efficacy against severe/critical COVID-19 from 14 
days after vaccination onwards has been established. VE (CI) against severe/critical COVID-19 
occurring at least 28 days and 14 days after vaccination was 85.4% (54.15; 96.90) and 76.7% 
(54.56; 89.09), respectively. 

The cumulative incidence for the first occurrence of severe/critical COVID-19 with onset at least 
1 day after vaccination is displayed in Figure 144 and demonstrates the early onset of protection 
against severe/critical COVID-19. The cumulative distribution curves begin to separate between 
the Ad26.COV2.S and the placebo group around 7 days after vaccination and VE increases up 
to Day 56. 

All confirmed COVID-19 cases in ENSEMBLE requiring medical intervention (hospitalization, 
ICU admission, mechanical ventilation, ECMO) or resulting in primary death at least 28-days 
post-vaccination occurred among participants who received placebo. 

Vaccine Efficacy Against Moderate and Mild COVID-19 

The VE (CI) against moderate COVID19 occurring at least 28 days and at least 14 days after 
vaccination was 62.0% (48.68; 72.21) and 64.8% (55.75; 72.21), respectively. For mild COVID- 
19 cases (<6 cases) there was a favorable split between the Ad26.COV2.S and placebo group 
with O and 2 cases, respectively, occurring at least 28 days after vaccination and 1 and 3 cases, 
respectively, occurring at least 14 days after vaccination. 

Table 3: Summary of Vaccine Efficacy Against Moderate COVID-19 with Onset at Least 14 


Days After Vaccination; Per Protocol Set By Number of Moderate Symptoms: 
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Table 3: Summary of Vaccine Efficacy Against Moderate COVID-19 with Onset at Least 14 


Days After Vaccination; Per Protocol Set By Number of Moderate Symptoms: 
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Table 4: Summary of Vaccine Efficacy Against Moderate COVID-19 with Onset at Least 
28 Days After Vaccination; Per Protocol Set (Study VAC31518C0V3001) By Number of 
Moderate Symptom: 


Moderate COVID-19 cases in the vaccine group reported fewer symptoms than moderate 


COVID-19 cases in the placebo group, indicating that in case of breakthrough infections (in the 


category of 'moderate illness) there were significantly less symptoms in people who got 


vaccinated than those receiving placebo. 


Vaccine Efficacy Against Any Symptomatic COVID-19 
Considering all symptomatic COVID-19 cases, irrespective of severity, a total of 285 and 468 


symptomatic COVID-19 cases with onset at least 28 days after vaccination and at least 14 days 


after vaccination were reported. The VE against all symptomatic COVID-19 was evaluated by 


means of the BOD endpoint, which evaluates the severity-adjusted VE against preventing 
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symptomatic COVID-19. A higher weight is assigned to severe infections (severe cases receive 
a score of 2, and non-severe 1) and, as such, the BOD endpoint aims at providing higher 
statistical power for differentiating from placebo vaccines with increased protection against 
severe infections. The VE against all symptomatic COVID-19 occurring at least 28 and at least 
14 days after vaccination, measured by the BOD endpoint, was 69.0% (56.68, 77.64) and 
68.1% (60.26, 74.32), respectively. As the lower boundary of the adjusted 95% Cl is >0 for both 
endpoints, the prespecified criteria for success were met and, therefore, the efficacy of 
Ad26.C0V2.S against all symptomatic COVID-19 has been established from 14 days after 
vaccination onwards. 

As the VE against severe disease was higher as compared to the VE against moderate and 
mild disease, the VE against all symptomatic COVID-19, with all severities weighted equally, 
was slightly lower compared to the severity adjusted VE: 66.5% (55.50; 75.05) and 66.9% 
(59.07; 73.37) based on cases occurring at least 28 days and at least 14 days after vaccination, 
respectively. 

VE against COVID-19 per the US FDA harmonized definition was in line with the observed VE 
against all symptomatic COVID-19: 66.7% (55.63; 75.23) and 67.2% (59.32;73.67) at least 28 
days and at least 14 days after vaccination, respectively. 

AILSARS-CovV-2 Infections Including Asymptomatic or Undetected Cases 

The effect of Ad26.COV2.S on the occurrence of confirmed asymptomatic or undetected SARS- 
CovV-2 infections were assessed using an ELISA and/or SARS-CoV-2 immunoglobulin assay 
that is dependent on the SARS-Cov-2 N protein. Serologic conversion is being assessed 
between Day 1 (pre-vaccination) and Day 71, 6 months and 1 year post-vaccination. In addition, 
serologic conversion is assessed between Day 1 (pre-vaccination) and Day 29 post-vaccination. 
At the time of the interim analysis, limited data from Day 71 and Day 29 were available. Vaccine 
efficacy (CI) against asymptomatic COVID-19 infection occurring at least 28 days after 
vaccination was 74.0% (27.89; 92.40) (see table 5). 
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The vaccine efficacy (CI) of Ad26.COV2.S in the prevention of all SARS-CoV-2 infections 
(combined symptomatic and asymptomatic infections that are serologically and/or molecularly 
confirmed) with onset at least 28 days after vaccination was 67.2% (56.86; 75.26) (see table 2, 
above). 

Subgroup Analyses 

Efficacy analyses against molecularly confirmed moderate to severe/critical COVID-19 with 
onset at least 28 days and at least 14 days after vaccination by demographic and baseline 
characteristics including age (18-59 years and 260 years), presence/absence of comorbidities 
(including asthma, cancer, cerebrovascular disease, cystic fibrosis, chronic kidney disease, 
COPD, serious heart conditions, hypertension, liver disease, neurological conditions, obesity, 
pulmonary fibrosis, sickle cell anemia, type 1 or type 2 diabetes, or thalassemia) age and 
comorbidities, sex (male/female), country (Argentina, Brazil, Chile, Colombia, Mexico, Peru, 
United States, or South Africa), race (American Indian/Alaskan, Asian, Black or African 
American, native Hawaiian/other, white, multiple), ethnicity (Hispanic/Latino, not- 
Hispanic/Latino), region (Latin America, Nothern America and Southern Africa) and HIV status, 
are ongoing. Preliminary results are shown below: 

Vaccine efficacy (VE) against moderate/severe disease and severe disease in subgaroups: 
Vaccine is efficacious across age groups with estimated vaccine efficacies against 
moderate/severe disease: at least 64% after Day 14 and at least 66% after Day 28. 

Vaccine is efficacious among participants with and without co-morbidities, with estimated 
vaccine efficacies against moderate/severe disease of at least 63% after Day 14 and at least 
49% after Day 28 in the group with co-morbidities. Supplementary analysis including all PCR+ 
regardless of confirmation by the central laboratory shows at least 64% after Day 14 and at 
least 59% after Day 28. More follow-up data is required to understand observed potential 
differences between subgroups with and without co-morbidities. 

Vaccine efficacy was consistent for Black/African Americans versus Whites and for Hispanics 
versus non-Hispanics. 

Vaccine efficacy against severe disease was evident as of Day 14 and by Day 28 was 
approximately 85% or more across countries with sufficient data available (South Africa, 
Colombia). 

The level of protection against moderate and severe COVID-19 infection was 72% in the US, 


66% in Latin America and 57% in South Africa, 28 days post-vaccination. 
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Vaccine Efficacy Against Different Virus Strains 
During the time of the study, different mutating variants have been identified in the countries that 


were included in the study. For example, in South Africa the vast majority of strains causing the 
COVID-19 infections were the variant 501Y.V2 (RSA variant), in particular of the strains (45/48 
sequenced), 94% were of the B.1.351 (501Y.V2) SARS-Cov-2 lineage. 

Vaccine Efficacy against First Occurrence of Moleculariy Confirmed Moderate to Severe/Critical 
COVID-19 with Onset at Least 28 Days After Vaccination was 67.0 (-8.87-92.24) against variant 
B1.351 (carrying the 501Y mutation) and against variants carrying the E484K mutation. 
Humoral immunogenicity Following a Single Ad26.COV2.S 5x10" vp Dose up to Day 29 

In view of the rise of SARS-Cov-2 virus variants with mutations in the virus S protein in areas 
that are known targets of neutralizing antibodies, the immunogenicity of Ad26.COV2.S was 
evaluated against the vaccine insert by S-ELISA at Day 1 and Day 29 post vaccination using 
samples from two randomly selected Brazilian sites with a high incidence of infection, as well as 
other random Brazilian, South African and US sites. 

Overall, no difference was observed in binding antibody levels induced by Ad26.COV2.S 
between Brazilian, South African and US participants. Binding antibody concentrations for 
Brazilian participants (GMCs at Day 29) ranged from 317 (95% Cl 227; 444) at Brazilian site 
BR10003 to 473 (95% CI 268; 836) at Brazilian site BR10004. Binding antibody concentrations 
for South African and US participants were similar with GMCs at Day 29 of 388 (95% Cl 297; 
506) and 412 (95% CI 306; 554), respectively. 

The responder rates were similar across sites from all 3 countries with >93% for the active 
vaccine groups, representing geometric mean increases from baseline of more than 6-fold to 
9.3-fold. 

GMRs (in comparison to US participants) were 0.77 (95% CI 0.49; 1.20) to 1.15 (95% CI 0.64; 
2.07) for Brazilian sites, and 0.94 (95% CI 0.63; 1.42) for South African sites. 

Similar GMCs were observed across countries compared with COV1001 data. 

In summary, in this preliminary analysis it was shown that: 

A single dose of Ad26.COV2.S protects against COVID 19 in adults 218 years of age, including 
adults 60 years of age. Based on the primary efficacy analysis of this pivotal study, including 
19;630 participants that received Ad26.COV2.S and 19;691 participants that received placebo, 
vaccine efficacy (adjusted 95% CI) for the co-primary endpoints against moleculariy confirmed 
moderate to severe/critical COVID-19 in participants who were seronegative at time of 


vaccination was 66.9% (59.03; 73.40) when considering cases from at least 14 days after 
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vaccination and 66.1% (55.01;74.80) when considering cases from at least 28 days after 
vaccination. 

VE against severe/critical COVID-19 occurring at least 28 days and 14 days after a single 
Ad26.C0V2.S dose was 85.4% (54.15; 96.90) and 76.7% (54.56; 89.09), respectively, with over 
90% efficacy in 18-59 year olds after Day 28. This finding was consistent across countries and 
regions (North and South America, South Africa), including South Africa where almost all cases 
were infected with the new variant of SARS-Cov-2 (501Y.V2). 

Onset of efficacy was estimated at day 14, with efficacy increasing through day 56, especially 
against severe disease. This finding is consistent with the immunology finding of neutralizing 
and binding antibody titers detected from day 14 onwards, which continued to increase up to 
day 56 with no indication of waning up to day 85. 

Vaccine efficacy against all symptomatic disease was consistent with the primary endpoint. 
Vaccine efficacy against all symptomatic COVID-19, as measured by a severity-adjusted 
weighed analysis (BOD) including mild, moderate and severe/critical VE, occurring at least 28 
days and at least 14 days after a single Ad26.COV2.S dose was 69.0% and 68.1%, 
respectively. Efficacy against severe/critical COVID-19 (85.4% and 76.7%) was higher than 
efficacy against moderate COVID-19 (62.0% and 64.8%), for occurrences at least 28 days and 
at least 14 days after vaccination, respectively. Non-weighed analysis was consistent with these 
results. 

Vaccine efficacy in the main target populations for COVID-19 vaccination, eg, older adults and 
(older) adults with comorbidities, is in line with the efficacy observed in the overall population. In 
general, descriptive subgroup analyses reveal no indication of a difference in Ad26.COV2.S 
vaccine efficacy across age groups, gender, race/ethnicities, geographies, comorbidities, age 
combined with comorbidities, at time of vaccination. 

Preliminary data suggest a vaccine effect against non-symptomatic infection, as assessed by 
non-symptomatic PCR+ results and serological conversions. Vaccine efficacy (CI) against 
asymptomatic COVID-19 infection occurring at least 28 days after vaccination was 74.0% 
(27.89; 92.40). 

In addition, the safety and reactogenicity profile of Ad26.COV2.S is in line with that of the other 
Ad26-based vaccines. Although the fregquency of pyrexia in the Phase 1 and Phase 2 
Ad26.C0V2.S studies was higher than observed earlier, especially for younger adults, this 
finding was not reproduced in the larger Phase 3 Ad26.C0V2.S study. Ad26.COV2.S 
reactogenicity is clearly transient and resolves within 1 - 2 days. Antipyretics may be used post- 


vaccination for symptom relief as needed. 
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SEQUENCES 


>COR200007 _ SEQ ID NO: 205 

MEVELVILLPLVSSOCVNLTITRITOLPPAY INSFETRGVYYPDKVERSSVLHSTODLELPE'E'SNVIWEHALHV 
SGINGTKREDNPVLPENDGVYFASTEKSNI IRGW LEGTTLDSKTOSLLIVNNATNVV ILKVCEEOECNDPE 
LGVY YHKNNKSWME SE FRVY SSANNCTP'EY VSOPEILMDLEGKOGNEANLREE'VEAKNIDGY FKIYSKHTPI 
NLVRDLPOGE'SALEPLVDLPIGINITREOTILLALHRSY LTPGDSSSGWIAGAAAY Y VGYLOPRITELLKYN 
ENGT ITDAVDCALDPLSETKCTLKSPE'TVEKGIYOTSNERVOPTESIVREPNIINLCPEGEVENATRFEASV 
YAWNRKRI SNCVADY SVLYNSASFESTEKCYGVSPTKLNDLCEINVYADSE'VIRGDEVROIAPGOTGKIAD 
YNYKILPDDE'TGCV IAWNSNNILDSKVGGNYNYLYRLERKSNLKPEERDI STEI YOAGSTPCNGVEGENCY F 
PLOSYGFEOPTNGVGYOPYRVVVLSFELLHAPATVCGPKKSTNLVENKCVNENENGLTGTIGVLTESNKKE'L 
PFOOEGRDIADTTDAVRDPOTLEILDITPCSEGGVSVITPGITNTSNOVAVLYODVNCTEVPVALHADOLT 
PTWRVY STGSNVEOTRAGCLIGAEHVNNSY ECDI PIGAGICASYOTOTNSPSRAGSVASOSI IAYTMSLG 
AENSVAY SNNSIAIPINETISVITEILPVSMITKISVDCTMY ICGDSTECSNLLLOY GSFCTOLNRALTGI 
AVEODKNTOEVEAOVKOIL YKTPPIKDEGGENESOILPDPSKPSKRSFEILEDLLENKVILADAGFEILKOYGDC 
LGDIAARDLICAOKENGLTVLPPLLTDEMIAQYT SALLAGT IT SGWTEGAGAALOI PEAMOMAY RENGIG 
VITONVLYENOKLIANOENSAIGKIODSLSSTASALGKLODVVNONAOCALNTILVKOLSSNEGAISSVILNDI 
LSRLDPPEAEVOIDRLITGRLOSLOT YVTOOLIRAAE IRASANLAATEKMSECVLGOSKRVDECGKGY HLM 
SFPOSAPHGVVELHVIYVPAOEKNE'TTAPAICHDGKAHEPREGVEVSNGTHWEVTORNEYEPOI ITIDNT 
EVSGNCDVVIGIVNNIVYDPLOPELDSFEKEELDKY FEKNHTSPDVDLGDISGINASVVNIOKE IDRINEVA 
KNILNESLIDLOELGKY EOY IKWPWY IWLGEIAGLIAIVMVIIMLCCMT SCCSCLKGCCSCGSCCKEDEDD 
SEPVLKGVKLHYT 


>COR200008_SEQ ID NO: 206 
MEVELVLLPLVSSOCVNLITRITOLPPAY INSFE'TRGVYY PDKVERSSVLHSTODLELPEPESNVIWEHALHV 
SGTNGITKREDNPVLPENDGVY FASTEKSNI IRGWIEGTTLDSKITOSLLIVNNATNVV IKVCEFOEFCNDPE 
LGVY YHKNNKSWME SE E'RVY SSANNCTEEY VSOPEIMDLEGKOGNEKNLREFVEANIDGY FPKIYSKHTPI 
NLVRDLPOGF'SALEPLVDLPIGINITREOTLLALHRSY LT PGDS SSGWTAGAAAY Y VGYLOPRTELLKYN 
ENGT ITDAVDCALDPILSETKCTLKSFTVEKGI YOTSNERVOPTESIVREPNITNILCPEGEVENATREASV 
Y AWNRKRI SNCVADY SVLYNSASFE'STEKCYGVSPTKLNDLCETNVYADSE'VIRGDEVROIAPGOTGKIAD 
YNYKLPDDE'TGCVIAWNSNNIDSKVGGNYNY LYRLERKSNILKPEERDI STEI YOAGST PCNGVEGENCY F 
PLOSYGE'OPTNGVGYOPYRVVVLSEELLHAPATVCGPKKSINLVENKCVNENENGLTGTGVLTESNKKEL 
PEOOEGRDIADITDAVRDPOTILE ILDITPCSEGGVSVITPGITNISNOVAVLYODVNCTEVPVALHADOLT 
PTWRVY STGSNVEOTRAGCLIGAEHVNNSY ECDI PIGAGICASYOTOTNSPSRAGSVASOSI IAYIMSLG 
AENSVAY SNNSIAIPTNETISVITEILPVSMIKISVDCTMY ICGDSTECSNLLLOYGSFECTOLNRALTIGI 
AVEODKNTOEVEAOVKOIL YKTPPIKDEGGENESOILPDPSKPSKRSFEIEDLLENKVTLADAGE'LKOYGDC 
LGDIAARDLICAOKENGLIVIPPLLTDEMIAOYT SALLAGT ITSGWTEGAGAALOI PEAMOMAY RENGIG 
VTONVLYENOKLIANOENSAIGKIODSLSSTASALGKLODVVNONAOCALNILVKOLSSNEGAISSVILNDI 
LSRLDPPEAEVOIDRLITGRIOSLOTYVTOOL IRAAEIRASANLAATKMSECVILGOSKRVDE'CGKGY HIM 
SEPOSAPHGVVELHVTYVPAOEKNE'TTAPAICHDGKAHFEPREGVEVSNGTHWEVTORNEYEPOIL ITIDNT 
FVSGNCDVVIGIVNNIVYDPLOPELDSFKEELDKY FKNHT SPDVDLGDISGINASVVNIOKE IDRINEVA 
KNINESLIDLOEILGKY EOY LKWPWY IWLGEIAGLIAIVMVI IMLCCMI SCCSCLKGCCSCGSCCKEDEDD 
SEPVLKGV 


>COR200009 SEO ID NO: 207 

MDAMKRGLCCVLILLCGAVEVSAOCVNLITTRTOLPPAYINSFITRGVY YPDKVERSSVLHSTODLELPEE'SN 
VIWEHAILHVSGINGTKREDNPVLPENDGVY FASTEKSNI IRGWILEGTTLDSKIOSLLIVNNATNVV IKVC 
EFOECNDPELGVY YHKNNKSWME SE ERVY SSANNCT FE Y VSOPEIMDLEGKOGNEKNLRE EVEKNIDGY E 
KI YSKHITPINLVRDLPOGESALEPLVDLPIGINITREOTILLALHRSYLIPGDSSSGWTAGAAAY YVGYLO 
PRITELILKYNENGTITDAVDCALDPLSETKCTLKSETVEKGIYOTSNERVOPTESIVREPNIITNLCPEGEV 
ENATREASVYAWNRKRISNCVADY SVLYNSASFSTEKCYGVSPTKILNDILCE'INVYADSEVIRGDEVROIA 
PGOTGKIADYNYKLPDDFEIGCV IAWNSNNLDSKVGGNYNY LYRLERKSNLKPFERDISTE IYOAGSTIPCN 
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GVEGENCY EPLOSYGFE'OPTNGVGYOPYRVVVLSEELLHAPATVCGPRKKSTNLVEKNKCVNENENGLTGTGV 
LTESNKKELPEOOFGRDIADITDAVRDPOTILE ILDITPCSEGGVSVITPGINTSNOVAVLYODVNCTEVP 
VALHADOLTPTWRVY STGSNVEOTRAGCLIGAEHYVNNS YECDIPIGAGICASYOTOTNSPRRARSVASOS 
AY IMSLGAENSVAY SNNSIAIPINETISVITEILPVSMTKISVDCITMY ICGDSTECSNLLLOYGSECT 
OLNRALTGIAVEODENTOEVEAOVKOIL YKIPPIKDEGGENESOILPDPSKPSKRSEILEDLLENKVILADA 
GE IKOYGDCLGDIAARDLICAOKENGLTVLPPLLTDEMIAOY TSALLAGT 1TSGWIT FGAGAALO IPEAMO 
MAY RENGIGVTONVLYENOKLIANOENSAIGKIODSLSSTASALGKLODVVNONAOALNT LVKOLSSNE'G 
AISSVILNDILSRILDKVEAEVOIDRLITGRLOSLOTY VTOOLIRAAE IRASANLAATEKMSECVLGOSKRVD 
FCGKGY HLMS FEPOSAPHGVVELHVIY VPAOEKNETTAPAICHDGKAHF'PREGVE'VSNGTHWEVITORNEY E 
POILITIDNTEVSGNCDVV IGIVNNIVYDPLOPELDSFRKEELDKY PKNHTSPDVDLGDI SGINASVVNIOK 
EI DRILNEVAKNILNE SLIDLOELGKYEOY IKWPWY IWLGEIAGLIAI VMVI IMLCCMT SCCSCLKGCCSCG 
SCCKEDEDDSEPVLKGVKLHYT 


>COR200010 _ SEO ID NO: 208 
MDAMKRGLCCVLLLCGAVEVSAOCVNLITRTOLPPAYITNSFTRGVY YPDKVERSSVLHSTODLELPEESN 
VTWFEHAIHVSGINGTKREDNPVLPENDGVY FASTEKSNI IRGWIEGTILDSKTOSLLIVNNATNVV IKVC 
EFOFECNDPELGVY YHKNNKSWME SE FRVY SSANNCT FE YVSOPELMDLEGKOGNEKNLRE EV EKNIDGY FE 
KIYSKHTPINILVRDLPOGESALEPLVDLPIGINITRFEOTLLALHRSYLIPGDSSSGWTAGAAAY YVGYLO 
PRTELLKYNENGT ITDAVDCALDPLSETKCTLKSFIVEKGIYOTSNERVOPTESIVREPNIINLCPE'GEV 
ENATREASVY AWNRKR ILSNCVADY SVLYNSASFSTEKCYGVSPTKLNDLCETNVYADSEVIRGDEVROIA 
PGOTGKIADYNYKLPDDETGCV IAWNSNNLDSKVGGNYNY LYRLERKSNLKPFEERDISTE LYOAGSTPCN 
GVEGENCY FPLOSYGFOPINGVGYOPYRVVVLSFELLHAPATVCGPKKSTNLVEKNKCVNENENGLIGTGV 
LTESNKKELPEOOFGRDIADTTDAVRDPOTLE ILDITPCSEGGVSVITPGINTSNOVAVLYODVNCTEVP 
VALHADOLTPTIWRVY STGSNVEOTRAGCLIGAEHVNNSYECDIPIGAGICASYOTOTNSPSRAGSVASOS 
IIAYTMSLGAENSVAY SNNS IAIPTNET ISVTTEILPVSMIKTSVDCIMY ICGDSTECSNLILOYGSECT 
OLNRALTGIAVEODKNTOEVEAOVKOILYKIPPIKDEGGENE'SOILPDPSKPSKRSE'IEDLLENKVILADA 
GE IKOYGDCILGDIAARDLICAOKENGLIVLPPLLTDEMIAOY TSALLAGT LT SGWT EGAGAALO IPFEAMO 
MAYRENGIGVIONVLYENOKLIANOENSAIGKIODSILSSTASALGKLODVVNONAOALNTILVKOLSSNE'G 
AISSVLNDILSRIDPPEAEVOIDRILITGRLOSLOTY VIOOLIRAAE IRASANLAAT KMSECVLGOSKRVD 
FCGKGY HLMSEPOSAPHGVVELHVTY VPAOEKNE'TTAPAICHDGKAHFEPREGVEVSNGTHWEVTORNEY E 
POIITIDNTE'VSGNCDVVIGIVNNIVYDPLOPELDSEREELDKY PKNHTSPDVDILGDISGINASVVNIOK 
EIDRINEVAKNLNE SLIDLOELGKYEOY IKWPWY IWLGEIAGLIAIVMVI IMLCCMTSCCSCLKGCCSCG 
SCCKEDEDDSEPVLKGVKLHYT 


>COR200011 SEO ID NO: 209 
MDAMKRGLCCVLLLCGAVEVSAOCVNLTTRTOLPPAYTNSFETRGVY YPDKVERSSVLHSTODLELPEESN 
VIWEHAIHVSGINGTKREDNPVLPENDGVY FASTEKSNI IRGWLEGTILDSKTOSLLIVNNATNVVIKVC 
EFOECNDPELGVY YHKNNKSWME SE ERVY SSANNCT PE Y VSOPEIMDLEGKOGNEKNLRE EVEKNIDGY E 
KIYSKHIPINIVRDLPOGFSALEPLVDLPIGINITREOTLLALHRSYLTPGDSSSGWTAGAAAY YVGYLO 
PRITELLKYNENGTITDAVDCALDPLSETKCTLKSETVEKGIYOTSNERVOPTESIVREPNIITNLCPEGEV 
ENATREASVYAWNRKRI SNCVADY SVLYNSASFSTFEKCYGVSPTKILNDICEINVYADSEVIRGDEVROIA 
PGOTGKIADYNYKLPDDFEIGCV IAWNSNNLDSKVGGNYNY LYRLERKSNLKPFERDISTEIYOAGSTIPCN 
GVEGENCY EPLOSYGFEOPTNGVGYOPYRVVVLSEELLHAPATVCGPKKSTNLVKNKCVNENENGLITGTGV 
LIESNKKELPEOOFGRDIADITDAVRDPOTILE ILDITPCSEGGVSVITPGINTSNOVAVLYODVNCTEVP 
VALHADOLTPTWRVY STGSNVEOTRAGCLIGAEHVNNS YECDIPIGAGICASYOTOTNSPSRAGSVASOS 
AY IMSLGAENSVAY SNNSIAIPINETISVITTEILPVSMTKISVDCITMY ICGDSTECSNLILLOYGSECT 
OILNRALTGIAVEODEKNTOEVEAOVKOIL YKITPPIKDEGGENESOILPDPSKPSKRSFEIEDLLENKVILADA 
GE IKOYGDCLGDIAARDLICAOKENGLTVLPPLLTDEMIAOY TSALLAGT IT SGWT FGAGAALO IPEAMO 
MAY RENGIGVTONVLYENOKLIANOENSAIGKIODSLSSTASALGKLODVVNONAOALNTLVKOLSSNEG 
AISSVILNDILSRIDPPEAEVOIDRLITGRLOSLOTY VTOOLIRAAE IRASANLAATEKMSECVILGOSKRVD 
FCGKGY HILMSFEPOSAPHGVVELHVIY VPAOEKNETTAPAICHDGKAHE'PREGVEVSNGITHWEVIORNEY E 
POILITIDNTEVSGNCDVV IGIVNNIVYDPLOPELDSFREEILDKY EKNHTSPDVDLGDI SGINASVVNIOK 
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E IDRILNEVAKNILNE SLIDLOELGKYEOY IKWPWY IWLGEIAGLIAIVMVI IMLCCMTSCCSCLKGCCSCG 
SCCKEDEDDSEPVLKGV 


>COR200018_SEQ ID NO: 210 
MDAMKRGLCCVLLLCGAVEVSASQEIHARFRREVFLVLLPLVSSOCVNLTTRTOLPPAYTNSFTRGVYYP 
DKVFRSSVLHSTODLFLPFFSNVIWFHAIHVSGTNGTKRFDNPVLPENDGVY FASTEKSNI IRGWIFGTT 
LDSKTOSLLIVNNATNVV IKVCEFOFCNDPFLGVYYHKNNKSWME SEFRVY SSANNCT FEYVSQPFLMDI 
EGKOGNFKNLREFVFKNIDGY FKIYSKHTPINLVRDLPOGFSALEPLVDLPIGINITRFOTLLALHRSYL 
TPGDSSSGWTAGAAAYYVGYLOPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFR 
VOPTESIVRFPNITNICPFGEVENATRFASVY AWNRKR I SNCVADY SVLYNSASFSTFKCYGVSPTKIND 
LCFTNVYADSFVIRGDEVROIAPGOTGKIADYNY KLPDDFTGCV IAWNSNNLDSKVGGNYNYLY RLERKS 
NLKPFERDISTE IYOAGSTPCNGVEGENCY FPLOSYGFOPTNGVGYOPYRVVVLSFELLHAPATVCGPKK 
STNLVKNKCVNENENGLTGTGVLTESNKKFLPFOQFGRDIADTTDAVRDPOTLE ILDITPCSFGGVSVIT 
PGTNTSNOVAVLYODVNCTEVPVAIHADOLTPTWRVY STGSNVFOTRAGCLIGAEHVNNSYECDIPIGAG 
ICASYOTOTNSPRRARSVASOS 1 IAYTMSLGAENSVAY SNNS IAIPTNFTISVITEILPVSMTKTSVDCT 
MY ICGDSTECSNLLILQYGSFCTOLNRALTGIAVEODKNTOEV FAOVKO IYKTPPIKDFGGFNFSOILPDP 
SKPSKRSFIEDLLENKVTLADAGFIKQYGDCILGDIAARDI ICAOKFNGLTVLPPLILTDEMIAOYT SALA 
GTITSGWTFGAGAALOIPFAMOMAYRENGIGVTONVLYENOKLIANOFENSAIGKIODSLSSTASALGKLQ 
DVVNONAQALNTLVKOLSSNFGAI SSVLNDILSRLDKVEAEVOIDRLI TGRLOSLOTYVTOOLIRAAEIR 
ASANLAATKMSECVLGOSKRVDECGKGYHLMSFPOSAPHGVVFLHVTYVPAOEKNFTTAPAICHDGKAHF 
PREGVEVSNGTHWEVTORNEYEPOIITTDNTEVSGNCDVV IGIVNNTVYDPLOPELDSFKEELDKY FKNH 
TSPDVDLGDISGINASVVNIOKEIDRLNEVAKNLNE SL IDLOELGKY EOQY IKWPWIY IWLGEIAGLIAIVM 
VTIMLCCMTSCC SCLKGCCSCGSCCKEDEDDSEPVLKGVKLHYT 


*Bold and underlined: theoretical signal peptide sequence 


>COR200007 _SEQ ID NO: 211 

ATGTTCGIGTTICTGGTACTGCTCCCCCTCGTCTCCAGTCAATGCGTGAACCTGACCACAAGAACCCAGC 
TGCCTCCAGCCTACACCAACAGCTTTACCAGAGGCGTGTACTACCCCGACAAGGTGTTCAGATCCAGCGT 
GCTGCACTCTACCCAGGACCTGTTCCTGCCTTTCTTCAGCAACGTGACCTGGT'TCCACGCCATCCACGTIG 
TCCGGCACCAATGGCACCAAGAGAT'TCGACAACCCCGTGCTGCCCTTCAACGACGGGGTGTACTTTIGCCA 
GCACCGAGAAGTCCAACATCATCAGAGGCTGGATCTTCGGCACCACACTGGACAGCAAGACCCAGAGCCT 
GCTGATCGTGAACAACGCCACCAACGTGGTCATCAAAGTGTGCGAGTTCCAGTTCTGCAACGACCCCTIC 
CTGGGCGTCTACTATCACAAGAACAACAAGAGCTGGATGGAAAGCGAGTTCCGGGTGTACAGCAGCGCCA 
ACAACTGCACCTTIGAATACGTGTCCCAGCCTTTCCTGATGGACCTGGAAGGCAAGCAGGGCAACTTCAA 
GAACCTGCGCGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGATCT ACAGCAAGCACACCCCTATC 
AACCTCGIGCGGGATCTGCCTCAGGGCTTCTCTGCTCTGGAACCCCTGGTGGATCTGCCCATCGGCATCA 
ACATCACCCGGTITTCAGACACTGCTGGCCCTGCACAGAAGCTACCTIGACACCTIGGCGATAGCAGCAGCGG 
ATGGACAGCTGGTIGCCGCCGCITACTATGTGGGCTACCTGCAGCCTAGAACCTTTCTIGCTGAAGTACAAC 
GAGAACGGCACCATCACCGACGCCGIGGATTGIGCTCITGGATCCTCTGAGCGAGACAAAGTIGCACCCTGA 
AGTICCTICACCGTIGGAAAAGGGCATCTACCAGACCAGCAACT TCCGGGTGCAGCCCACCGAATCCATCGT 
GCGGITCCCCAATATCACCAATCTGIGCCCCTICGGCGAGGIGTICAATGCCACCAGATICGCCTCTGIG 
TACGCCTGGAACCGGAAGCGGATCAGCAATTGCGTGGCCGACTACTCCGTGCTGTIACAACTICCGCCAGCT 
TCAGCACCTICAAGTGCTACGGCGTGICCCCTACCAAGCTGAACGACCTGTIGCT'TCACAAACGTIGTACGC 
CGACAGCTITCGTGATCCGGGGAGATGAAGT GCGGCAGATTGCCCCTGGACAGACTGGCAAGATCGCCGAC 
TACAACTACAAGCTIGCCCGACGACTICACCGGCTGTGIGATIGCCTGGAACAGCAACAACCTGGACTCCA 
AAGTCGGCGGCAACTACAATTACCTGTACCGGCTIGTICCGGAAGTCCAATCTGAAGCCCTTCGAGCGGGA 
CATCICCACCGAGATCTATCAGGCCGGCAGCACCCCTIGTAACGGCGIGGAAGGCTICAACTGCTACTIC 
CCACTIGCAGTCCTACGGCTI'TCAGCCCACAAATGGCGTIGGGCTATCAGCCCTACAGAGTGGTGGTGCTGA 
GCTITCGAACTGCTGCATGCCCCTGCCACAGTGIGCGGCCCTAAGAAAAGCACCAATCTCGTIGAAGAACAA 
ATGCGIGAACTICAACTICAACGGCCTGACCGGCACCGGCGTGCTGACAGAGAGCAACAAGAAGITCCTG 
CCATICCAGCAGT'ITGGCCGGGATATCGCCGATACCACAGACGCCGT'I AGAGATCCCCAGACACTGGAAA 
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TCCTGGACATCACCCCTTGCAGCTTCGGCGGAGTGTCITGTGATCACCCCTGGCACCAACACCAGCAATCA 
GGTGGCAGTGCTGTIACCAGGACGTGAACTGTACCGAAGTIGCCCGTIGGCCATTCACGCCGATCAGCTGACA 
CCTACATGGCGGGIGTACTCCACCGGCAGCAATGTGTTITCAGACCAGAGCCGGCTGTCTGATCGGAGCCG 
AGCACGTIGAACAATAGCTACGAGTGCGACATCCCCATCGGCGCTGGCATCTGIGCCAGCT ACCAGACACA 
GACAAACAGCCCCAGCAGAGCCGGATCTGTGGCCAGCCAGAGCATCATTIGCCTACACAATGTCTCTGGGC 
GCCGAGAACAGCGTIGGCCTACTCCAACAACTCTATCGCTATCCCCACCAACT TCACCATCAGCGTGACCA 
CAGAGATCCTGCCTGTGTCCATGACCAAGACCAGCGTGGACTGCACCATGTACATCTGCGGCGATTCCAC 
CGAGIGCTCCAACCTGCTGCTGCAGT ACGGCAGCTTICTGCACCCAGCIGAAT AGAGCCCTGACAGGGATC 
GCCGIGGAACAGGACAAGAACACCCAAGAGGTGTTCGCCCAAGTGAAGCAGATCTACAAGACCCCTCCTA 
TCAAGGACTTCGGCGGCTTCAATTTCAGCCAGATTCTGCCCGATCCTAGCAAGCCCAGCAAGCGGAGCTT 
CATCGAGGACCTGCTGTITCAACAAAGTGACACTGGCCGACGCCGGCTICATCAAGCAGTATGGCGATTGT 
CTGGGCGACATTGCCGCCAGGGATCTGATTTGCGCCCAGAAGTTTAACGGACTGACAGTGCTGCCTCCTC 
TGCTGACCGATGAGATGATCGCCCAGTACACATCTGCCCTGCTGGCCGGCACAATCACAAGCGGCTGGAC 
ATITTGGAGCTGGCGCCGCTCTGCAGATCCCCTTITGCTATGCAGATGGCCTACCGGTI'TCAACGGCATCGGA 
GTGACCCAGAATGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTTCAACAGCGCCATCGGCAAGA 
TCCAGGACAGCCTGAGCAGCACAGCAAGCGCCCTGGGAAAGCTGCAGGACGTGGTCAACCAGAATGCCCA 
GGCACTGAACACCCTGGTCAAGCAGCTGTCCTCCAACTTCGGCGCCATCAGCTCTGTGCTGAACGATATC 
CTGAGCAGACTGGACCCTCCTGAGGCCGAGGTGCAGATCGACAGACTGATCACCGGAAGGCTGCAGTICCC 
TGCAGACCTACGTTACCCAGCAGCTGATCAGAGCCGCCGAGAT'T AGAGCCTCTGCCAATCTGGCCGCCAC 
CAAGATGTCTGAGTGTGTGCTGGGCCAGAGCAAGAGAGTGGACTTTTGCGGCAAGGGCTACCACCTGATG 
AGCTTCCCTCAGTCTGCCCCTCACGGCGTGGTIGTTICTGCACGTGACATATGTGCCCGCTCAAGAGAAGA 
ATTICACCACCGCTCCAGCCATCTGCCACGACGGCAAAGCCCACTTTICCTAGAGAAGGCGTIGTITCGTGTC 
CAACGGCACCCATTGGTTCGTGACACAGCGGAACTTCTACGAGCCCCAGATCATCACCACCGACAACACC 
TTCGITGTCTGGCAACTGCGACGTCGTGATCGGCATTGTGAACAATACCGTGTACGACCCTCTGCAGCCCG 
AGCTIGGACAGCT'TCAAAGAGGAACTGGACAAGTACTTITAAGAACCACACAAGCCCCGACGIGGACCTGGG 
CGATATCAGCGGAATCAATGCCAGCGTCGTGAACATCCAGAAAGAGATCGACCGGCTGAACGAGGTGGCC 
AAGAATCTIGAACGAGAGCCTGATCGACCTGCAAGAACTGGGAAAAT ACGAGCAGTACATCAAGTGGCCTT 
GGTACATCTGGCTGGGCTTTATCGCCGGACTGATTGCCATCGTGATGGTCACAATCATGCTGTGTTGCAT 
GACCAGCTGCTGTAGCTGCCTGAAGGGCTGTTGTAGCTGTGGCAGCTGCTGCAAGT TCGACGAGGACGAT 
TCTGAGCCCGTGCTGAAGGGCGTGAAACTGCACTACACA 


>COR2000086_ SEO ID NO: 212 

ATGTTCGIGTTICTGGTACTGCTCCCCCTCGTCTCCAGTCAATGCGTIGAACCTGACCACAAGAACCCAGC 
TGCCTCCAGCCTACACCAACAGCTTTACCAGAGGCGTGTACTACCCCGACAAGGTGTTCAGATCCAGCGT 
GCTGCACTCTACCCAGGACCTGTTCCTGCCTTTCTTCAGCAACGTGACCTGGT'TCCACGCCATCCACGTIG 
TCCGGCACCAATGGCACCAAGAGAT'TCGACAACCCCGTGCTGCCCTTCAACGACGGGGTGTACTTTIGCCA 
GCACCGAGAAGTCCAACATCATCAGAGGCTGGATCTTCGGCACCACACTGGACAGCAAGACCCAGAGCCT 
GCTGATCGTGAACAACGCCACCAACGTIGGTCATCAAAGTIGTGCGAGTICCAGTICTGCAACGACCCCTIC 
CTGGGCGICTACTATCACAAGAACAACAAGAGCTGGATGGAAAGCGAGTTCCGGGTGTACAGCAGCGCCA 
ACAACTGCACCTITGAATACGIGTCCCAGCCTTICCTGATGGACCTGGAAGGCAAGCAGGGCAACTTICAA 
GAACCTGCGCGAGTITCGTGTITCAAGAACATCGACGGCTACTICAAGATCT ACAGCAAGCACACCCCTATC 
AACCTCGTGCGGGATCTGCCTCAGGGCTITCITCTGCTCTGGAACCCCTGGIGGATCIGCCCATCGGCATCA 
ACATCACCCGGITTCAGACACTGCTGGCCCTGCACAGAAGCTACCTGACACCTIGGCGATAGCAGCAGCGG 
ATGGACAGCTGGTIGCCGCCGCTITACTATGTGGGCTACCTGCAGCCTAGAACCTTTCTIGCTGAAGTACAAC 
GAGAACGGCACCATCACCGACGCCGIGGATTGIGCTCITGGATCCTCTGAGCGAGACAAAGTIGCACCCTGA 
AGTICCTICACCGTIGGAAAAGGGCATCTACCAGACCAGCAACT TCCGGGTGCAGCCCACCGAATCCATCGT 
GCGGITCCCCAATATCACCAATCTGIGCCCCTICGGCGAGGIGTICAATGCCACCAGATICGCCTCTIGIG 
TACGCCTGGAACCGGAAGCGGATCAGCAATTGCGTGGCCGACTACTCCGTGCTGTIACAACTICCGCCAGCT 
TCAGCACCTITCAAGTGCTACGGCGTGICCCCTACCAAGCTGAACGACCTGIGCTTCACAAACGTIGTACGC 
CGACAGCITCGTGATCCGGGGAGATGAAGT GCGGCAGATTGCCCCTGGACAGACTGGCAAGATCGCCGAC 
TACAACTACAAGCTIGCCCGACGACTICACCGGCTGTGIGATIGCCTGGAACAGCAACAACCTGGACTCCA 
AAGTCGGCGGCAACTACAATTACCTGTACCGGCTIGTICCGGAAGTCCAATCTGAAGCCCTTCGAGCGGGA 
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CATCICCACCGAGATCTATCAGGCCGGCAGCACCCCTIGTAACGGCGIGGAAGGCTITCAACTGCTACTIC 
CCACTIGCAGTCCTACGGCTI'TCAGCCCACAAATGGCGTIGGGCTATCAGCCCTACAGAGTGGTGGTGCTGA 
GCTITCGAACTGCTGCATGCCCCTGCCACAGTGTIGCGGCCCTAAGAAAAGCACCAATCTCGTGAAGAACAA 
ATGCGIGAACTICAACTICAACGGCCTGACCGGCACCGGCGTGCTGACAGAGAGCAACAAGAAGITCCTG 
CCATICCAGCAGT'ITGGCCGGGATATCGCCGATACCACAGACGCCGT'IAGAGATCCCCAGACACTGGAAA 
TCCTGGACATCACCCCTTGCAGCTTCGGCGGAGTGTCTGTGATCACCCCTGGCACCAACACCAGCAATCA 
GGTGGCAGTGCTGTACCAGGACGTGAACTGTACCGAAGTGCCCGTIGGCCATTCACGCCGATCAGCTGACA 
CCTACATGGCGGGTIGTACTCCACCGGCAGCAATGTGTTTCAGACCAGAGCCGGCTGTCTGATCGGAGCCG 
AGCACGTIGAACAATAGCTACGAGTGCGACATCCCCATCGGCGCTGGCATCTGIGCCAGCT ACCAGACACA 
GACAAACAGCCCCAGCAGAGCCGGATCTGTGGCCAGCCAGAGCATCATTIGCCTACACAATGTCTCTGGGC 
GCCGAGAACAGCGTGGCCTACTCCAACAACTCTATCGCTATCCCCACCAACT TCACCATCAGCGTGACCA 
CAGAGATCCTGCCTGTGTCCATGACCAAGACCAGCGTGGACTGCACCATGTACATCTGCGGCGATTCCAC 
CGAGTIGCTCCAACCTGCTGCTGCAGT ACGGCAGCTTICTGCACCCAGCTIGAAT AGAGCCCTGACAGGGATC 
GCCGTIGGAACAGGACAAGAACACCCAAGAGGTGTTCGCCCAAGTGAAGCAGATCTACAAGACCCCTCCTA 
TCAAGGACTTCGGCGGCTTCAATTTCAGCCAGATTCTGCCCGATCCTAGCAAGCCCAGCAAGCGGAGCTT 
CATCGAGGACCTGCTGTTCAACAAAGTGACACTGGCCGACGCCGGCTICATCAAGCAGTATGGCGATTGT 
CTGGGCGACATTGCCGCCAGGGATCTGATTTGCGCCCAGAAGTTTAACGGACTGACAGTGCTGCCTCCTIC 
TGCTGACCGATGAGATGATCGCCCAGTACACATCTGCCCTGCTGGCCGGCACAATCACAAGCGGCTGGAC 
ATTIGGAGCTGGCGCCGCTCTGCAGATCCCCTTIGCTATGCAGATGGCCTACCGGT'TCAACGGCATCGGA 
GTGACCCAGAATGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGT'TCAACAGCGCCATCGGCAAGA 
TCCAGGACAGCCTGAGCAGCACAGCAAGCGCCCTGGGAAAGCTGCAGGACGTGGTCAACCAGAATGCCCA 
GGCACTGAACACCCTGGTCAAGCAGCTGTCCTCCAACTTCGGCGCCATCAGCTCTGTGCTGAACGATATC 
CTGAGCAGACTGGACCCTCCTGAGGCCGAGGTGCAGATCGACAGACTGATCACCGGAAGGCTGCAGTCCC 
TGCAGACCTACGTTACCCAGCAGCTGATCAGAGCCGCCGAGAT'T AGAGCCTCTGCCAATCTGGCCGCCAC 
CAAGATGTCTGAGTGTGTGCTGGGCCAGAGCAAGAGAGTGGACTTTTGCGGCAAGGGCTACCACCTGATG 
AGCTTCCCTCAGTCTGCCCCTCACGGCGTGGTGTTICTGCACGTGACATATGTGCCCGCTCAAGAGAAGA 
ATTICACCACCGCTCCAGCCATCTGCCACGACGGCAAAGCCCACTTTICCTAGAGAAGGCGTIGTITCGTGTC 
CAACGGCACCCATTGGTTCGTGACACAGCGGAACTTCTACGAGCCCCAGATCATCACCACCGACAACACC 
TTCGIGTCTGGCAACTGCGACGTCGTGATCGGCATTGTGAACAATACCGTGTACGACCCTCTGCAGCCCG 
AGCITGGACAGCT'TCAAAGAGGAACTGGACAAGTACTITAAGAACCACACAAGCCCCGACGIGGACCTGGG 
CGATATCAGCGGAATCAATGCCAGCGTCGTGAACATCCAGAAAGAGATCGACCGGCTGAACGAGGTGGCC 
AAGAATCTIGAACGAGAGCCTGATCGACCTGCAAGAACTGGGAAAAT ACGAGCAGTACATCAAGTGGCCTT 
GGTACATCTGGCTGGGCTTTATCGCCGGACTGATTGCCATCGTGATGGTCACAATCATGCTGTGTTGCAT 
GACCAGCTGCTGTAGCTGCCTGAAGGGCTGTTGTAGCTGTGGCAGCTGCTGCAAGT TCGACGAGGACGAT 
TCTGAGCCCGTGCTGAAGGGCGTG 


>COR200009 SEO ID NO: 213 

ATGGACGCTATGAAGAGGGGCCTGTIGCTIGTGTGCTIGCTGCTGTGCGGAGCTGIGTITGIGTCIGCICAAT 
GCGIGAACCTGACCACAAGAACCCAGCTGCCTCCAGCCTACACCAACAGCTT'TACCAGAGGCGTGTACTA 
CCCCGACAAGGTGI'TCAGATCCAGCGTIGCTGCACTCTACCCAGGACCIGTICCTGCCTTICTTCAGCAAC 
GIGACCTGGTICCACGCCATCCACGIGTCCGGCACCAATGGCACCAAGAGATTCGACAACCCCGTGCTGC 
CCTICAACGACGGGGTGTACTTIGCCAGCACCGAGAAGTICCAACATCATCAGAGGCTGGATCT'ICGGCAC 
CACACTGGACAGCAAGACCCAGAGCCTGCTGATCGTIGAACAACGCCACCAACGIGGTCATCAAAGTIGTGC 
GAGTTICCAGTICTGCAACGACCCCTICCTGGGCGTCTACTATCACAAGAACAACAAGAGCTGGATGGAAA 
GCGAGTTCCGGGTGTACAGCAGCGCCAACAACTGCACCTTTGAATACGTGICCCAGCCTITCCTGATGGA 
CCTGGAAGGCAAGCAGGGCAACT'TCAAGAACCTGCGCGAGTICGIGTICAAGAACATCGACGGCTACTIC 
AAGATCTIACAGCAAGCACACCCCTATCAACCTCGTIGCGGGATCTIGCCTCAGGGCTICTCTGCICTGGAAC 
CCCTGGTGGATCTGCCCATCGGCATCAACATCACCCGGITTCAGACACTGCTGGCCCTGCACAGAAGCTA 
CCTGACACCTGGCGAT AGCAGCAGCGGATGGACAGCTGGTGCCGCCGCITACTATGTGGGCTACCTGCAG 
CCTAGAACCTITCIGCITGAAGT ACAACGAGAACGGCACCATCACCGACGCCGTGGATTIGIGCTCTGGATC 
CTCTGAGCGAGACAAAGT GCACCCTGAAGTCCTTCACCGTGGAAAAGGGCATCTACCAGACCAGCAACT'T 
CCGGGTGCAGCCCACCGAATCCATCGIGCGGTITCCCCAATATCACCAATCTGTGCCCCTICGGCGAGGIG 
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TI CAATGCCACCAGATICGCCTCTGIGTACGCCTGGAACCGGAAGCGGATCAGCAATTGCGTGGCCGACT 
ACTCCGIGCTGTACAACTCCGCCAGCTICAGCACCTICAAGTGCTACGGCGTGTCCCCTACCAAGCTGAA 
CGACCTGIGCTTCACAAACGTGTACGCCGACAGCTITCGTIGATCCGGGGAGATGAAGTGCGGCAGATTGCC 
CCTGGACAGACTGGCAAGATCGCCGACT ACAACT ACAAGCTGCCCGACGACTTCACCGGCTGTGTGATIG 
CCTGGAACAGCAACAACCTGGACTCCAAAGTCGGCGGCAACTACAATIACCTGTACCGGCTGTITCCGGAA 
GICCAATCTGAAGCCCTTCGAGCGGGACATCTCCACCGAGATCTATCAGGCCGGCAGCACCCCTTIGTAAC 
GGCGTIGGAAGGCTTICAACTGCTACTICCCACTGCAGTCCTACGGCTTICAGCCCACAAAT GGCGTGGGCT 
ATCAGCCCTACAGAGTGGTGGTIGCTGAGCTITCGAACTGCTGCATGCCCCTGCCACAGTGTGCGGCCCTAA 
GAAAAGCACCAATCTCGTGAAGAACAAATGCGTGAACTTICAACTICAACGGCCTGACCGGCACCGGCGTIG 
CT GACAGAGAGCAACAAGAAGTITCCTGCCATTCCAGCAGTTTIGGCCGGGATATCGCCGATACCACAGACG 
CCGTTAGAGATCCCCAGACACTGGAAATCCTGGACATCACCCCTIGCAGCTTCGGCGGAGTGTCTGTGAT 
CACCCCTGGCACCAACACCAGCAATCAGGTGGCAGTGCTGTACCAGGACGTGAACTGTACCGAAGTGCCC 
GTIGGCCATTCACGCCGATCAGCTGACACCTACATGGCGGGTGTACTCCACCGGCAGCAATGTGTTICAGA 
CCAGAGCCGGCTGTICTGATCGGAGCCGAGCACGTGAACAATAGCTACGAGTGCGACATCCCCATCGGCGC 
TGGCATCTGTGCCAGCTACCAGACACAGACAAACAGCCCCAGACGGGCCAGATCTGTGGCCAGCCAGAGC 
ATCATIGCCTACACAATGTCTCTGGGCGCCGAGAACAGCGTGGCCTACTCCAACAACTCTATCGCTATCC 
CCACCAACTTCACCATCAGCGTGACCACAGAGATCCTGCCTGTGTCCATGACCAAGACCAGCGTGGACTG 
CACCATGTACATCTGCGGCGAT TCCACCGAGTGCTCCAACCTGCTGCTGCAGTACGGCAGCTTCTGCACC 
CAGCTGAATAGAGCCCTGACAGGGATCGCCGTGGAACAGGACAAGAACACCCAAGAGGTGT'TCGCCCAAG 
TGAAGCAGATCT ACAAGACCCCTCCTATCAAGGACTTCGGCGGCTTCAATTTCAGCCAGATTCTGCCCGA 
TCCTAGCAAGCCCAGCAAGCGGAGCTTCATCGAGGACCTGCTGTTCAACAAAGTGACACTGGCCGACGCC 
GGCTITCATCAAGCAGTATGGCGATTGTCTGGGCGACATTGCCGCCAGGGATCTGATTTGCGCCCAGAAGT 
TTAACGGACTGACAGTGCTGCCTCCTCTGCTGACCGATGAGATGATCGCCCAGT ACACATCTGCCCTGCT 
GGCCGGCACAATCACAAGCGGCTGGACATTTGGAGCTGGCGCCGCTCTGCAGATCCCCTTTGCTATGCAG 
ATGGCCTACCGGTICAACGGCATCGGAGTGACCCAGAATGTGCTGTACGAGAACCAGAAGCTGATCGCCA 
ACCAGT'TCAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACAGCAAGCGCCCTGGGAAAGCT 
GCAGGACGTGGTCAACCAGAATGCCCAGGCACTGAACACCCTGGTCAAGCAGCTGTCCTCCAACTTCGGC 
GCCATCAGCTCTGTGCTGAACGATATCCTGAGCAGACTGGACAAGGTGGAAGCCGAGGTGCAGATCGACA 
GACTGATCACCGGAAGGCTGCAGTCCCTGCAGACCTACGTTACCCAGCAGCTGATCAGAGCCGCCGAGAT 
TAGAGCCTCTGCCAATCTGGCCGCCACCAAGATGTCTGAGTGTGTGCTGGGCCAGAGCAAGAGAGTGGAC 
TTITGCGGCAAGGGCTACCACCTGATGAGCTTCCCTCAGTCTGCCCCTCACGGCGTGGTGTITTCTGCACG 
TGACATATGTGCCCGCTCAAGAGAAGAATT TCACCACCGCTCCAGCCATCTGCCACGACGGCAAAGCCCA 
CTTTCCTAGAGAAGGCGTGTTCGTGTCCAACGGCACCCATTGGTTCGTGACACAGCGGAACTTCTACGAG 
CCCCAGATCATCACCACCGACAACACCTTCGTGTCTGGCAACTGCGACGTCGTGATCGGCATTGTGAACA 
ATACCGTGTACGACCCTCTGCAGCCCGAGCTGGACAGCTTICAAAGAGGAACTGGACAAGTACTT'TAAGAA 
CCACACAAGCCCCGACGTGGACCTGGGCGATATCAGCGGAATCAATGCCAGCGTCGTGAACATCCAGAAA 
GAGATCGACCGGCTGAACGAGGTGGCCAAGAATCTGAACGAGAGCCTGATCGACCTGCAAGAACTGGGAA 
AATACGAGCAGTACATCAAGTGGCCTTGGTACATCTGGCTGGGCTTTATCGCCGGACTGATIGCCATCGT 
GATGGTCACAATCATGCTGIGTIGCATGACCAGCTGCTGTAGCTGCCIGAAGGGCTGTTGTIAGCTGTGGC 
AGCTGCIGCAAGITCGACGAGGACGATICTGAGCCCGTGCTIGAAGGGCGTIGAAACTIGCACTACACA 


>COR200010_ SEO ID NO: 214 
ATGGACGCTATGAAGAGGGGCCTGIGCTIGTGTGCTIGCTGCTGTGCGGAGCTGIGTITGIGTCIGCICAAT 
GCGIGAACCTGACCACAAGAACCCAGCTGCCTCCAGCCTACACCAACAGCTT'TACCAGAGGCGTGTIACTA 
CCCCGACAAGGTGI'TCAGATCCAGCGTIGCTGCACTCTACCCAGGACCIGTICCTGCCTTICTITCAGCAAC 
GIGACCTGGTTICCACGCCATCCACGIGTCCGGCACCAATGGCACCAAGAGAT TCGACAACCCCGTGCTGC 
CCTICAACGACGGGGTGTACTTIGCCAGCACCGAGAAGICCAACATCATCAGAGGCTGGATCT'ICGGCAC 
CACACTGGACAGCAAGACCCAGAGCCTGCTGATCGTIGAACAACGCCACCAACGIGGTCATCAAAGTIGTGC 
GAGTICCAGTICTGCAACGACCCCTICCTGGGCGTCTACTATCACAAGAACAACAAGAGCTGGATGGAAA 
GCGAGTTCCGGGTGTACAGCAGCGCCAACAACTGCACCTTTGAATACGTGICCCAGCCTITCCTGATGGA 
CCTGGAAGGCAAGCAGGGCAACTTCAAGAACCTGCGCGAGTICGIGTICAAGAACATCGACGGCTACTIC 
AAGATCTACAGCAAGCACACCCCTATCAACCTCGTIGCGGGATCTIGCCTCAGGGCTICTCITGCICTGGAAC 
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CCCTGGTGGATCTGCCCATCGGCATCAACATCACCCGGTITTCAGACACTGCTGGCCCTGCACAGAAGCTA 
CCTGACACCTGGCGAT AGCAGCAGCGGATGGACAGCTGGTGCCGCCGCTITACTATGTGGGCTACCTGCAG 
CCTAGAACCTITCIGCTGAAGT ACAACGAGAACGGCACCATCACCGACGCCGTGGATTGTGCTCTGGATC 
CTCTGAGCGAGACAAAGT GCACCCTGAAGTCCTTCACCGTGGAAAAGGGCATCTACCAGACCAGCAACT'T 
CCGGGTGCAGCCCACCGAATCCATCGTGCGGTTCCCCAATATCACCAATCTGTGCCCCTICGGCGAGGTIG 
TICAATGCCACCAGATICGCCTCTGIGTACGCCTGGAACCGGAAGCGGATCAGCAATTGCGTGGCCGACT 
ACTCCGTIGCTGTACAACTCCGCCAGCTITCAGCACCTICAAGTGCTACGGCGTGTCCCCTACCAAGCTGAA 
CGACCTGTIGCTTCACAAACGTGTACGCCGACAGCTITCGTIGATCCGGGGAGATGAAGTGCGGCAGATTGCC 
CCTGGACAGACTGGCAAGATCGCCGACT ACAACT ACAAGCTGCCCGACGACTTCACCGGCTGTGTGATIG 
CCTGGAACAGCAACAACCTGGACTCCAAAGTCGGCGGCAACTACAATIACCTGTACCGGCTGTITCCGGAA 
GTCCAATCTGAAGCCCTTCGAGCGGGACATCTCCACCGAGATCTATCAGGCCGGCAGCACCCCTTITGTAAC 
GGCGTIGGAAGGCTTICAACTGCTACTICCCACTGCAGTCCTACGGCTTICAGCCCACAAATGGCGTGGGCT 
ATCAGCCCTACAGAGTGGTGGTIGCTGAGCTITCGAACTGCTGCATGCCCCTGCCACAGTGTGCGGCCCTAA 
GAAAAGCACCAATCTCGTGAAGAACAAATGCGTGAACTTCAACTITCAACGGCCTGACCGGCACCGGCGTG 
TGACAGAGAGCAACAAGAAGTTCCTGCCATTCCAGCAGTTTGGCCGGGATATCGCCGAT ACCACAGACG 
CGTTAGAGATCCCCAGACACTGGAAATCCTGGACATCACCCCTTGCAGCTTCGGCGGAGTGTCTGTGAT 
ACCCCTGGCACCAACACCAGCAATCAGGTGGCAGTGCTGTACCAGGACGTGAACTGTACCGAAGTGCCC 
TGGCCATTCACGCCGATCAGCTGACACCTACATGGCGGGIGTACTCCACCGGCAGCAATGTGTITCAGA 
CAGAGCCGGCTGTCTGATCGGAGCCGAGCACGTGAACAATAGCTACGAGTIGCGACATCCCCATCGGCGC 
GGCATCTGTGCCAGCTACCAGACACAGACAAACAGCCCCAGCAGAGCCGGATCTGTGGCCAGCCAGAGC 
TCATIGCCTACACAATGTCTCTGGGCGCCGAGAACAGCGTGGCCTACTCCAACAACTCTATCGCTATCC 
CCACCAACTTCACCATCAGCGTGACCACAGAGATCCTGCCTGTGTCCATGACCAAGACCAGCGTGGACTG 
CACCATGTACATCTGCGGCGAT TCCACCGAGTGCTCCAACCTGCTGCTGCAGTACGGCAGCTTCTGCACC 
CAGCTGAATAGAGCCCTGACAGGGATCGCCGTGGAACAGGACAAGAACACCCAAGAGGTGT'TCGCCCAAG 
TGAAGCAGATCTACAAGACCCCTCCTATCAAGGACTTCGGCGGCTTCAATTTCAGCCAGATTCTGCCCGA 
TCCTAGCAAGCCCAGCAAGCGGAGCTTCATCGAGGACCTGCTGTTCAACAAAGTGACACTGGCCGACGCC 
GGCTICATCAAGCAGTATGGCGATTGTCTGGGCGACATTGCCGCCAGGGATCTGATTTGCGCCCAGAAGT 
TTAACGGACTGACAGTGCTGCCTCCTCTGCTGACCGATGAGATGATCGCCCAGTACACATCTGCCCTGCT 
GGCCGGCACAATCACAAGCGGCTGGACATTTGGAGCTGGCGCCGCTCTGCAGATCCCCTTTGCTATGCAG 
ATGGCCTACCGGTICAACGGCATCGGAGTGACCCAGAATGTGCTGTACGAGAACCAGAAGCTGATCGCCA 
ACCAGT'TCAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACAGCAAGCGCCCTGGGAAAGCT 
GCAGGACGTGGTCAACCAGAATGCCCAGGCACTGAACACCCTGGTCAAGCAGCTGTCCTCCAACTTCGGC 
GCCATCAGCTCTGTGCTGAACGATATCCTGAGCAGACTGGACCCTCCTGAGGCCGAGGTGCAGATCGACA 
GACTGATCACCGGAAGGCTGCAGTCCCTGCAGACCTACGTTACCCAGCAGCTGATCAGAGCCGCCGAGAT 
TAGAGCCTCTGCCAATCTGGCCGCCACCAAGATGTCTGAGTGTGTGCTGGGCCAGAGCAAGAGAGTGGAC 
TTITGCGGCAAGGGCTACCACCTGATGAGCTTCCCTCAGTCTGCCCCTCACGGCGTGGTGTTTCTGCACG 
TGACATATGTGCCCGCITCAAGAGAAGAAT'T'TCACCACCGCTCCAGCCATCTIGCCACGACGGCAAAGCCCA 
CTTICCTAGAGAAGGCGTGTTCGTGICCAACGGCACCCATTGGTICGIGACACAGCGGAACTTCTACGAG 
CCCCAGATCATCACCACCGACAACACCTICGIGTCTGGCAACTGCGACGTCGTGATCGGCATIGTGAACA 
ATACCGIGTACGACCCTCTGCAGCCCGAGCTIGGACAGCTICAAAGAGGAACTGGACAAGTACTTIAAGAA 
CCACACAAGCCCCGACGTGGACCTGGGCGATATCAGCGGAATCAATGCCAGCGICGIGAACATCCAGAAA 
GAGATCGACCGGCTIGAACGAGGTIGGCCAAGAATCTGAACGAGAGCCTGATCGACCTGCAAGAACTGGGAA 
AATACGAGCAGTACATCAAGTGGCCTTGGTACATCTGGCTIGGGCTTTATCGCCGGACTGATIGCCATCGT 
GATGGTCACAATCATGCTGIGTIGCATGACCAGCTGCTGTAGCTGCCIGAAGGGCTGTTGIAGCTGTGGC 
AGCTGCIGCAAGITCGACGAGGACGATICTGAGCCCGTGCTIGAAGGGCGTIGAAACTIGCACTACACA 


eee: 


PHAOa 


>COR200011 _ SEQ ID NO: 215 
ATGGACGCTATGAAGAGGGGCCTGIGCITGTGTGCTIGCTGCITGTGCGGAGCTGIGTITGIGTCIGCICAAT 
GCGIGAACCTGACCACAAGAACCCAGCTGCCTCCAGCCTACACCAACAGCTTTACCAGAGGCGTGTACTA 
CCCCGACAAGGTGI'TCAGATCCAGCGIGCTGCACTCTACCCAGGACCIGTICCTGCCTTICTTCAGCAAC 
GIGACCTGGTICCACGCCATCCACGIGTCCGGCACCAATGGCACCAAGAGATTCGACAACCCCGTGCTGC 
CCTICAACGACGGGGTGTACTTIGCCAGCACCGAGAAGTICCAACATCATCAGAGGCTGGATCT'ICGGCAC 
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CACACTGGACAGCAAGACCCAGAGCCTGCTGATCGTGAACAACGCCACCAACGIGGTCATCAAAGTGTGC 
GAGT'TCCAGTICTGCAACGACCCCTICCTGGGCGTCTACTATCACAAGAACAACAAGAGCTGGATGGAAA 
GCGAGTTCCGGGTGTACAGCAGCGCCAACAACTGCACCTTTGAATACGTGICCCAGCCTITCCTGATGGA 
CCTGGAAGGCAAGCAGGGCAACTTCAAGAACCTGCGCGAGTTICGTIGTICAAGAACATCGACGGCTACTIC 
AAGATCTACAGCAAGCACACCCCTATCAACCTCGTGCGGGATCTGCCTCAGGGCTICTCTGCTCTGGAAC 
CCCTGGTGGATCTGCCCATCGGCATCAACATCACCCGGTITTCAGACACTGCTGGCCCTGCACAGAAGCTA 
CCTGACACCTGGCGAT AGCAGCAGCGGATGGACAGCTGGTGCCGCCGCTTACTATGTGGGCTACCTGCAG 
CCTAGAACCTITCIGCTGAAGT ACAACGAGAACGGCACCATCACCGACGCCGTGGATTGTGCTCTGGATC 
CTCTGAGCGAGACAAAGT GCACCCTGAAGTCCTTCACCGTGGAAAAGGGCATCTACCAGACCAGCAACTT 
CCGGGTGCAGCCCACCGAATCCATCGTGCGGTTCCCCAATATCACCAATCTGTGCCCCTTICGGCGAGGTIG 
TTICAATGCCACCAGATITCGCCTCTGTITGTACGCCTGGAACCGGAAGCGGATCAGCAATTGCGTGGCCGACT 
ACTCCGTIGCTGTACAACTCCGCCAGCTTICAGCACCTICAAGTGCTACGGCGTGTCCCCTACCAAGCTGAA 
CGACCTGTIGCTTCACAAACGTGTACGCCGACAGCTTCGTGATCCGGGGAGATGAAGTGCGGCAGATTGCC 
CCTGGACAGACTGGCAAGATCGCCGACT ACAACT ACAAGCTGCCCGACGACTTCACCGGCTGTGTGATIG 
CCTGGAACAGCAACAACCTGGACTCCAAAGTCGGCGGCAACTACAATTIACCTGTACCGGCTGTTCCGGAA 
TCCAATCTGAAGCCCTTICGAGCGGGACATCTCCACCGAGATCTATCAGGCCGGCAGCACCCCTIGTAAC 
GCGTGGAAGGCTTCAACTGCTACTTCCCACTGCAGTCCTACGGCTTTCAGCCCACAAATGGCGTGGGCT 
TCAGCCCTACAGAGTGGTGGTGCTGAGCTTICGAACTGCTGCATGCCCCTGCCACAGTGTGCGGCCCTAA 
AAAAGCACCAATCTCGTGAAGAACAAATGCGTGAACTTCAACTTCAACGGCCTGACCGGCACCGGCGTG 
TGACAGAGAGCAACAAGAAGTICCTGCCATTCCAGCAGTITGGCCGGGATATCGCCGATACCACAGACG 
CGT'TAGAGATCCCCAGACACTGGAAATCCTGGACATCACCCCTIGCAGCTTCGGCGGAGTGTICTGTGAT 
ACCCCTGGCACCAACACCAGCAATCAGGTGGCAGTGCTGTACCAGGACGTGAACTGTACCGAAGTGCCC 
GGCCAT TCACGCCGATCAGCTGACACCTACATGGCGGGTGTACTCCACCGGCAGCAATGTGTTTCAGA 
CAGAGCCGGCTGTCTGATCGGAGCCGAGCACGTGAACAATAGCTACGAGTIGCGACATCCCCATCGGCGC 
GGCATCTGTGCCAGCTACCAGACACAGACAAACAGCCCCAGCAGAGCCGGATCTGTGGCCAGCCAGAGC 
TCATITGCCTACACAATGTCTCTGGGCGCCGAGAACAGCGTGGCCTACTCCAACAACTCTATCGCTATCC 
CCACCAACTTCACCATCAGCGTGACCACAGAGATCCTGCCTGTGTCCATGACCAAGACCAGCGTGGACTG 
CACCATGTACATCTGCGGCGAT TCCACCGAGTGCTCCAACCTGCTGCTGCAGTACGGCAGCTTCTGCACC 
CAGCTGAATAGAGCCCTGACAGGGATCGCCGTGGAACAGGACAAGAACACCCAAGAGGTGT'TCGCCCAAG 
TGAAGCAGATCTACAAGACCCCTCCTATCAAGGACTTCGGCGGCTTCAATTTCAGCCAGATTCTGCCCGA 
TCCTAGCAAGCCCAGCAAGCGGAGCTTCATCGAGGACCTGCTGTTCAACAAAGTGACACTGGCCGACGCC 
GGCTITCATCAAGCAGTATGGCGATTGTCTGGGCGACATTGCCGCCAGGGATCTGATTTGCGCCCAGAAGT 
TTAACGGACTGACAGTGCTGCCTCCTCTGCTGACCGATGAGATGATCGCCCAGTACACATCTGCCCTGCT 
GGCCGGCACAATCACAAGCGGCTGGACATTTGGAGCTGGCGCCGCTCTGCAGATCCCCTTTGCTATGCAG 
ATGGCCTACCGGTICAACGGCATCGGAGTGACCCAGAATGTGCTGTACGAGAACCAGAAGCTGATCGCCA 
ACCAGT'TCAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACAGCAAGCGCCCTGGGAAAGCT 
GCAGGACGTGGTCAACCAGAATGCCCAGGCACTGAACACCCTGGTICAAGCAGCTIGTCCTCCAACTICGGC 
GCCATCAGCTCTGIGCTGAACGATATCCTGAGCAGACTGGACCCTCCTIGAGGCCGAGGTGCAGATCGACA 
GACTGATCACCGGAAGGCTGCAGTCCCTGCAGACCTACGTTACCCAGCAGCTGATCAGAGCCGCCGAGAT 
TAGAGCCTCTGCCAATCTGGCCGCCACCAAGATGTCTGAGTGTGIGCIGGGCCAGAGCAAGAGAGTGGAC 
TITIGCGGCAAGGGCTACCACCTGATGAGCTICCCTCAGTCIGCCCCTICACGGCGTGGTGITTCTGCACG 
TGACATATGTIGCCCGCTITCAAGAGAAGAATT'TCACCACCGCTCCAGCCATCTIGCCACGACGGCAAAGCCCA 
CTTICCTAGAGAAGGCGTGTTCGTGICCAACGGCACCCATTGGTICGIGACACAGCGGAACTTCTACGAG 
CCCCAGATCATCACCACCGACAACACCTICGIGTCTGGCAACTGCGACGTCGTGATCGGCATIGTGAACA 
ATACCGIGTACGACCCTCTGCAGCCCGAGCTIGGACAGCTICAAAGAGGAACTGGACAAGTACTTIAAGAA 
CCACACAAGCCCCGACGT GGACCTGGGCGATATCAGCGGAATCAATGCCAGCGICGIGAACATCCAGAAA 
GAGATCGACCGGCTIGAACGAGGTIGGCCAAGAATCTGAACGAGAGCCTGATCGACCTGCAAGAACTGGGAA 
AATACGAGCAGTACATCAAGTGGCCTTGGTACATCTGGCTGGGCTTTATCGCCGGACTGATIGCCATCGT 
GATGGTCACAATCATGCTGIGTIGCATGACCAGCTGCTGTAGCTGCCIGAAGGGCTGTTGTIAGCTGTGGC 
AGCTGCIGCAAGTITCGACGAGGACGATICTGAGCCCGTGCTGAAGGGCGTG 
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>COR200018 SEO ID NO: 216 

ATGGACGCTATGAAGAGGGGCCTGTIGCTGTGTGCTGCTGCTGTGCGGAGCTGIGTITTGTGTCITGCTAGCC 
AAGAGATCCACGCCAGATITCGGAGATTICGTITGTTTCTGGITGCTGCTGCCTCTGGTGITCCAGCCAATGCGT 
GAACCTGACCACAAGAACCCAGCTGCCTCCAGCCTACACCAACAGCTI'TACCAGAGGCGTIGTACTACCCC 
GACAAGGTGTTICAGATCCAGCGTIGCTGCACTCTACCCAGGACCTGTTCCTGCCTTTCTTCAGCAACGTGA 
CCTGGTTCCACGCCATCCACGTGTCCGGCACCAATGGCACCAAGAGAT'TCGACAACCCCGTIGCTGCCCTT 
CAACGACGGGGTGTIACTTTGCCAGCACCGAGAAGTCCAACATCATCAGAGGCTGGATCTICGGCACCACA 
CTGGACAGCAAGACCCAGAGCCTGCTGATCGTGAACAACGCCACCAACGTGGTCATCAAAGTGTGCGAGT 
TCCAGTTCTGCAACGACCCCTTCCTGGGCGTCTACTATCACAAGAACAACAAGAGCTGGATGGAAAGCGA 
GITCCGGGTGTACAGCAGCGCCAACAACTGCACCTTITGAATACGTIGTCCCAGCCTTTCCTGATGGACCTG 
GAAGGCAAGCAGGGCAACTTICAAGAACCTGCGCGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGA 
TCTACAGCAAGCACACCCCTATCAACCTCGTGCGGGATCTGCCTCAGGGCTTCTCTGCTCTGGAACCCCT 
GGTGGATCTGCCCATCGGCATCAACATCACCCGGTTI'TCAGACACTGCTGGCCCTGCACAGAAGCTACCTG 
ACACCTGGCGAT AGCAGCAGCGGATGGACAGCTGGTGCCGCCGCTTACTATGTIGGGCTACCTGCAGCCTA 
GAACCTTTICTGCTGAAGT ACAACGAGAACGGCACCATCACCGACGCCGTGGATIGTGCTCTGGATCCTCT 
GAGCGAGACAAAGTGCACCCTGAAGTCCTTCACCGTGGAAAAGGGCATCTACCAGACCAGCAACTTCCGG 
GTGCAGCCCACCGAATCCATCGTGCGGTTCCCCAATATCACCAATCTGTGCCCCTTCGGCGAGGTGTTCA 
ATGCCACCAGATTCGCCTCTGTGTACGCCTGGAACCGGAAGCGGATCAGCAATTGCGTGGCCGACTACTC 
CGITGCTGTACAACTCCGCCAGCTTCAGCACCTTCAAGTGCTACGGCGTGTCCCCTACCAAGCTGAACGAC 
CTGTGCTTCACAAACGTGTACGCCGACAGCTTCGTGATCCGGGGAGATGAAGTGCGGCAGATTGCCCCTG 
GACAGACTGGCAAGATCGCCGACT ACAACT ACAAGCTGCCCGACGACT TCACCGGCTGTGTGATTGCCTG 
GAACAGCAACAACCTGGACTCCAAAGTCGGCGGCAACTACAATTACCTGTACCGGCTGTTCCGGAAGTCC 
AATCTGAAGCCCTICGAGCGGGACATCTCCACCGAGATCTATCAGGCCGGCAGCACCCCTIGTIAACGGCG 
TGGAAGGCTTCAACTGCTACTTCCCACTGCAGTCCTACGGCTT'TCAGCCCACAAATGGCGTGGGCTATCA 
GCCCTACAGAGTGGTGGTGCTGAGCTTCGAACTGCTGCATGCCCCTGCCACAGTGTGCGGCCCTAAGAAA 
AGCACCAATCTCGTIGAAGAACAAATGCGTGAACTTCAACTTCAACGGCCTGACCGGCACCGGCGTGCTGA 
CAGAGAGCAACAAGAAGTTCCTGCCATTCCAGCAGTTTGGCCGGGATATCGCCGAT ACCACAGACGCCGT 
TAGAGATCCCCAGACACTGGAAATCCTGGACATCACCCCTTGCAGCTTCGGCGGAGTGTCTGTGATCACC 
CCTGGCACCAACACCAGCAATCAGGTGGCAGTGCTGTACCAGGACGTGAACTGTACCGAAGTGCCCGTGG 
CCAT ICACGCCGATCAGCTGACACCTACATGGCGGGTGTACTCCACCGGCAGCAATGTGTTTCAGACCAG 
AGCCGGCTGTICTGATCGGAGCCGAGCACGTGAACAATAGCTACGAGTGCGACATCCCCATCGGCGCTGGC 
ATCIGTIGCCAGCTACCAGACACAGACAAACAGCCCCAGACGGGCCAGATCTGTGGCCAGCCAGAGCATCA 
TTGCCTACACAATGTCTCTGGGCGCCGAGAACAGCGTGGCCTACTCCAACAACTCTATCGCTATCCCCAC 
CAACTTCACCATCAGCGTGACCACAGAGATCCTGCCTGTGTCCATGACCAAGACCAGCGTGGACTGCACC 
ATGTACATCTGCGGCGATTCCACCGAGTGCTCCAACCTGCTGCTGCAGTACGGCAGCTICTIGCACCCAGC 
TGAATAGAGCCCTGACAGGGATCGCCGTGGAACAGGACAAGAACACCCAAGAGGTGTTCGCCCAAGTGAA 
GCAGATCTIACAAGACCCCTCCTATCAAGGACTICGGCGGCTICAATTICAGCCAGATTCIGCCCGATCCT 
AGCAAGCCCAGCAAGCGGAGCI'TCATCGAGGACCTGCTGTITCAACAAAGTIGACACT GGCCGACGCCGGCT 
TCATCAAGCAGTATGGCGATIGICTGGGCGACATTGCCGCCAGGGATCTGATTIGCGCCCAGAAGTTT 
CGGACTGACAGTGCTGCCTCCTCTGCIGACCGATGAGATGATCGCCCAGTACACATCTGCCCTGCTGGCC 
GGCACAATCACAAGCGGCTGGACATI'TGGAGCTGGCGCCGCTICTGCAGATCCCCTITITGCTATGCAGATGG 
CCTACCGGTITCAACGGCATCGGAGTGACCCAGAATGTGCTGTI ACGAGAACCAGAAGCTGATCGCCAACCA 
GITCAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACAGCAAGCGCCCTGGGAAAGCTGCAG 
GACGIGGICAACCAGAAT GCCCAGGCACTGAACACCCTGGTCAAGCAGCTGTCCTCCAACTTCGGCGCCA 
TCAGCTCIGTGCTGAACGATATCCTGAGCAGACTGGACAAGGTGGAAGCCGAGGTGCAGATCGACAGACT 
GATCACCGGAAGGCTGCAGICCCTGCAGACCTACGTTACCCAGCAGCTIGATCAGAGCCGCCGAGATTAGA 
GCCTCTGCCAATCTIGGCCGCCACCAAGATGTCTIGAGTGTIGTGCTGGGCCAGAGCAAGAGAGTGGACTTIT 
GCGGCAAGGGCT ACCACCTGATGAGCITCCCTCAGICTGCCCCTCACGGCGTGGTIGTITCIGCACGTGAC 
ATATGIGCCCGCTICAAGAGAAGAATTTCACCACCGCTCCAGCCATCTGCCACGACGGCAAAGCCCACTTIT 
CCTAGAGAAGGCGTIGTICGIGTCCAACGGCACCCATTGGTTCGTGACACAGCGGAACTTCTACGAGCCCC 
AGATCATCACCACCGACAACACCTICGIGTCTGGCAACTGCGACGTCGTGATCGGCATITGTGAACAATAC 
CGTGITACGACCCTCTGCAGCCCGAGCTIGGACAGCT'ICAAAGAGGAACTIGGACAAGTACTI'TAAGAACCAC 
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ACAAGCCCCGACGTGGACCTGGGCGATATCAGCGGAATCAATGCCAGCGTCGIGAACATCCAGAAAGAGA 
TCGACCGGCTGAACGAGGTGGCCAAGAATCTGAACGAGAGCCTGATCGACCTGCAAGAACTGGGAAAATA 
CGAGCAGTACATCAAGTIGGCCTITGGTACATCTGGCTGGGCTITATCGCCGGACTGATTIGCCATCGTGATG 
GICACAATCATGCTGTGTTGCATGACCAGCTGCTGTAGCTGCCTGAAGGGCTGTITGTAGCTGTGGCAGCT 
GCTGCAAGTTCGACGAGGACGATTCTGAGCCCGTGCTGAAGGGCGTGAAACTGCACTACACA 


> pShuttle_E1.CMvdel1134T0; SEO ID NO: 217 
TCGCGCGTTTCGGTIGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGACGTCATTGTICGATGCTCT 
TCAGTICCGGTGTTTATGTCACAGATCAGCTGAGCGATCGCGTTGACATTGATTATTGACTAGTTATTAAT 
AGTAATCAAT TACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAA 
TGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTA 
ACGCCAATAGGGACTTTICCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTAC 
ATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTA 
TGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACC 
ATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTC 
TCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAA 
CAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTC 
CCTATCAGTGATAGAGATCTCCCTATCAGTGATAGAGATCGTCGACGAGCTCGTTTAGTGAACCGTCAGA 
TCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGCGG 
CCGGGAACGGTGCATTGGAAGCTTGGTACCGGTGAATTCGCTAGCGTTAACGGATCCTCTAGACGAGATC 
CGAACTTGTTTATTGCAGCTTATAATGGT'T ACAAAT AAAGCAAT AGCATCACAAAT TTCACAAATAAAGC 
ATTTTTITCACTGCATTCTAGTTGTGGTTIGTCCAAACTCATCAATGTATCTTATCATGTCTGCGATCGC 
AGGTAGGTTTGAGTAGTGGGCGTGGCTAAGGAAGAGCATCATTGTCACATGTGAGCAAAAGGCCAGCAAA 
AGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCAT AGGCTCCGCCCCCCTGACGAGCATCA 
CAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT'TTCCCCCT 
GGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTT 
CGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTICGGTGTAGGTCGTTCGCTCCAA 
GCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAG 
TCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGAT TAGCAGAGCGAGGT 
ATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACT ACGGCTACACTAGAAGAACAGTATTITGG 
TATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGT TGGTAGCTCTTGATCCGGCAAACAAACC 
ACCGCTGGTAGCGGTGGTTTTTTTGTTIGCAAGCAGCAGATT ACGCGCAGAAAAAAAGGATCTCAAGAAG 
ATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCAT 
GAGATTATCAAAAAGGATCT TCACCTAGATCCTTTTAAAT TAAAAATGAAGTTTTAAATCAAGCCCAATC 
TGAATAATGTTACAACCAAT TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAAT 
TTATICATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC 
CGAGGCAGTTICCATAGGATGGCAAGATCCTGGTIATCGGTICTGCGATTCCGACTCGTCCAACATCAATACA 
ACCTATIAATTICCCCTCGTCAAAAATAAGGT'TATCAAGTGAGAAATCACCATGAGTIGACGACTGAATCC 
GGTGAGAATGGCAAAAGTTTATGCATITCTTICCAGACTTGI'TCAACAGGCCAGCCATTACGCTCGTCAT 
CAAAATCACTCGCATCAACCAAACCGTITATTCATTCGTGATIGCGCCIGAGCGAGACGAAATACGCGATC 
GCTGITAAAAGGACAATT ACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACA 
ATATTITCACCIGAATCAGGATATICTICTAATACCTGGAATGCTGITTITCCGGGGATCGCAGTIGGIGA 
GI AACCATGCATCATCAGGAGT ACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATICCGTCAGCCA 
GITTAGTCTGACCATCTCATCTGTAACATCATIGGCAACGCTACCTTIGCCATGTITICAGAAACAACTCT 
GGCGCATCGGGCTICCCATACAAGCGATAGATIGTCGCACCTIGATTGCCCGACATTATCGCGAGCCCATTI 
TATACCCATATAAATCAGCATCCATGITGGAATTTAATCGCGGCCTCGACGTTICCCGTIGAATATGGCT 
CATAACACCCCTTGTATTACTIGTTTATGTAAGCAGACAGTTITATTGITCATGATGATATATITITATCI 
TGTGCAATGTAACATCAGAGATITTGAGACACGGGCCAGAGCTGCA 

Note: Bold: CMvdel134 promoter 
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>ID 6598  pAd26.dEH1.dH3.5orf6; SEO ID NO: 218 
CATCATCAATAATATACCCCACAAAGTAAACAAAAGTTAATATGCAAATGAGCTTTTGAATT'TTAACGGT 
TTTGGGGCGGAGCCAACGCTGATTGGACGAGAAACGGTGATGCAAATGACGTCACGACGCACGGCTAACG 
GICGCCGCGGAGGCGTGGCCTAGCCCGGAAGCAAGTCGCGGGGCTGATGACGTATAAAAAAGCGGACTTIT 
AGACCCGGAAACGGCCGATTTICCCGCGGCCACGCCCGGATATGAGGTAATTCTGGGCGGATGCAAGTIGA 
AATTAGGTCATITTGGCGCGAAAACTGAATGAGGAAGT GAAAAGCGAAAAAT ACCGGTCCCTCCCAGGGC 
GGAATATI'TACCGAGGGCCGAGAGACTTTGACCGATTACGTGGGGGTITCGATIGCGGTGITTITTTTCGC 
GAATITTCCGCGTCCGTGTCAAAGTCCGGTGTTTATGTCACAGATCAGCTGAgcgatcgcAGGTAGGTTIG 
AGTAGTIGGGCGTIGGCTAAGGTGACTATAAAGGCGGGTGTCTTACGAGGGTICTITTTIGCTITTICTGCAGAC 
ATCATGAACGGGACTGGCGGGGCCTTCGAAGGGGGGCTTTTTAGCCCTTATITGACAACCCGCCTGCCGG 
GATGGGCCGGAGTTICGTCAGAATGTGATGGGATCGACGGTGGATGGGCGCCCAGTGCTTCCAGCAAATIC 
CTCGACCATGACCTACGCGACCGTGGGGAACTCGTCGCTCGACAGCACCGCCGCAGCCGCGGCAGCCGCA 
GCCGCCATGACAGCGACGAGACTGGCCTCGAGCTACATGCCCAGCAGCGGTAGTAGCCCCTCTGTGCCCA 
TICCATCATCGCCGAGGAGAAACTGCTGGCCCTGCTGGCCGAGCTGGAAGCCCTGAGCCGCCAGCTGGC 
GCCCTGACCCAGCAGGTIGTCCGAGCTCCGCGAACAGCAGCAGCAGCAAAATAAATGATTCAATAAACAC 
ATICTGATTCAAACAGCAAAGCATCTTTATTATITATITITTCGCGCGCGGTAGGCCCTGGTICCACCT 
TCCCGATCATTGAGAGTGCGGTGGATTTITTTCCAGGACCCGGTAGAGGTGGGATTGGATGTIGAGGTAC 
GGCATGAGCCCGTCCCGTGGGTIGGAGGTAGCACCACTGCATGGCCTCGTGCTCTGGGGTCGTIGTTGT 
ATGATCCAGTCATAGCAGGGGCGCTGGGCGTGGTGCTGGATGATGTCCTTGAGGAGGAGACTGATGGC 
CGGGGAGCCCCTTGGTGTAGGTGTTGGCAAAACGGTTGAGCTGGGAGGGATGCATGCGGGGGGAGATG 
GTGCAGTTIGGCCTGGATCTTGAGGTTGGCGATGTTGCCACCCAGATCCCGCCGGGGGTTCATGTITGT 
CAGGACCACCAGAACGGTGTAGCCCGTGCACTTGGGGAACTIGICATGCAACTIGGAAGGGAATGCGTG 
GAAGAATTIGGAGACGCCCTTGTGCCCGCCCAGGTTTTCCATGCACTCATCCATGATGATGGCAATGGGC 
CCGTGGGCTGCGGCTTITGGCAAAGACGTTTCTGGGGTCAGAGACATCGTAATTATGCTCCTGGGTGAGAT 
CATCATAAGACATTTTAATGAATTTGGGGCGGAGGGTGCCAGATTGGGGGACGATGGTTCCCTCGGGCCC 
CGGGGCGAAGTTCCCCTCGCAGATCTGCATCTCCCAGGCTTTCATCTCGGAGGGGGGGATCATGTCCACC 
TGCGGGGCGATGAAAAAAACGGTTTCCGGGGCGGGGGTGATGAGCTGCGAGGAGAGCAGGTTITCTCAACA 
GCTGGGACTTGCCGCACCCGGTCGGGCCGTAGATGACCCCGATGACGGGTTGCAGGTGGTAGTTICAAGGA 
CATGCAGCTGCCGTCGTCCCGGAGGAGGGGGGCCACCTCGTTGAGCTTGTCTCTGACTTGGAGGTTTTCC 
CGGACGAGCTCGCCGAGGAGGCGGTCCCCGCCCAGCGAGAGAAGCTCTTGCAGGGAAGCAAAGTTTTTCA 
GGGGCTTGAGCCCGTCGGCCATGGGCATCTTGGCGAGGGTCTGCGAGAGGAGCTCCAGGCGGTCCCAGAG 
CTCGGTGACGTGCTCTACGGCATCTCGATCCAGCAGACTTCCTCGTTTCGGGGGTTGGGACGACTGCGAC 
TGTAGGGCACGAGACGATGGGCGTCCAGCGCGGCCAGCGTCATGTCCTTCCAGGGTCTCAGGGTCCGCGT 
GAGGGTGGTCTCCGTCACGGTGAAGGGGTGGGCCGCGGGCTGGGCGCTTGCAAGGGTGCGCTTGAGACTC 
ATCCTGCIGGTGCTGAAACGGGCACGGTCTTCGCCCTGCGCGTCGGCGAGAT AGCAGT'TGACCATGAGCT 
CGTAGTTGAGGGCCTCGGCGGCGTGGCCCTTGGCGCGGAGCTTGCCCTTGGAAGAGCGCCCGCAGGCGGG 
ACAGAGGAGGGATIGCAGGGCGTAGAGCTTGGGCGCGAGAAAGACGGACTCGGGGGCGAAGGCGTCCGCT 
CCGCAGTGGGCGCAGACGGICTCGCACTCGACTAGCCAGGTGAGCTCGGGCTGCTCGGGGICAAAAACCA 
GITITICCCCCGTTCTTITTGATGCGCITCTTACCTCGCGTCICCATGAGTCTGIGTCCGCGCTCGGTGAC 
AAACAGGCTGTCIGTGTCCCCGTAGACGGACTTGATGGGCCTGICCTGCAGGGGCGTICCCGCGGTCCTCC 
TCGTAGAGAAACTCAGACCACTCTGAGACGAAGGCGCGCGTCCACGCCAAGACAAAGGAGGCCACGTGCG 
AGGGGTAGCGGICGTIGTCCACCAGGGGGTCCACCTTITCCACGGTATGCAGGCACATGICCCCCTICCTC 
CGCATCCAAGAAGGTGATTGGCTTGTITAGGTGTIAGGCCACGTGACCTGGGGITCCCGACGGGGGGGTIATAA 
AAGGGGGCGGGICTGIGCTCGICCTCACTCTICTICCGCGTICGCTGICCACGAGCGCCAGCTGITGGGGTA 
GGTAŢTCCCTCTCAAGAGCGGGCATGACCTCGGCACTCAGGTITGTICAGTTICTAGAAACGAGGAGGATIT 
GATGIGGGCCTGCCCTGCCGCGATGCTITTTTAGGAGACTTTCATCCATCTGGTCAGAAAAGACTATTTIT 
TTATIGTCAAGCTIGGIGGCGAAGGAGCCATAGAGGGCGTTIGAGAGAAGCTTGGCGATGGATCTCATGG 
TCTGATTITIGTCACGGTCGGCGCGCTCCTTGGCCGCGATGTITGAGCTIGGACATATICGCGCGCGACACA 
CTTCCATICGGGGAAGACGGTIGGTGCGCTCGITCGGGCACGATCCTGACGCGCCAGCCGCGGTTATGCAGG 
GI GACCAGGTCCACGCTGGIGGCCACCTCGCCGCGCAGGGGCTCGTTGGTCCAGCAGAGICTGCCGCCCT 
TGCGCGAGCAGAACGGGGGCAGCACATCAAGCAGATGCTCGTICAGGGGGGTICCGCATCGATGGTGAAGAT 
GCCCGGACAGAGTICCTTGICAAAATAATCGATTTITGAGGATGCATCGTCCAAGGCCATCTGCCACTCG 
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CGGGCGGCCAGCGCTCGCTCGTAGGGGTTGAGGGGCGGACCCCAAGGCATGGGATGCGTGAGGGCGGAGG 
CGTACATGCCGCAGATGTCATAGACATAGATGGGCTCCGAGAGGAT GCCGATGTAGGTIGGGATAGCAGCG 
CCCCCCGCGGATGCTTGCGCGCACGTAGTCATACAACTCGTGCGAGGGGGCCAAGAAGGCGGGGCCGAGA 
TTGGIGCGCTGGGGCTGCTCGGCGCGGAAGACGATCTGGCGAAAGATGGCGTGCGAGTTGGAGGAGATGG 
TGGGCCGTTGGAAGATGTTAAAGTGGGCGTGAGGCAGGCGGACCGAGTICGCGGATGAAGTIGCGCGTAGGA 
GTCTIGCAGCTTGGCGACGAGCTCGGCGGTGACGAGGACGTCCATGGCGCAGTAGTCCAGCGTITCGCGG 
ATGATGTICATAACTCGCCTCTCCTITCTTCTCCCACAGCTCGCGGTTIGAGGGCGTATTCCTCGTCATCCT 
TCCAGTACTCCCGGAGCGGGAATCCTCGATCGTCCGCACGGT AAGAGCCCAGCATGTAGAAATGGTTCAC 
GGCCTTGTAGGGACAGCAGCCCTTCTCCACGGGGAGGGCGTAAGCTTGAGCGGCCTTGCGGAGCGAGGTG 
TGCGICAGGGCAAAGGTIGTCCCTGACCATGACTTTCAAGAACTGGTACTTGAAGTCCGAGTICGTCGCAGC 
CGCCGTGCTCCCAGAGCTCGAAATCGGTGCGCTTCTTCGAGAGGGGGI'TAGGCAGAGCGAAAGTGACGTC 
ATIGAAGAGAATCTTGCCTGCCCGCGGCATGAAATTGCGGGTGATGCGGAAAGGGCCCGGGACGGAGGCT 
CGGTTGTTIGATGACCTGGGCGGCGAGGACGATCTCGTCAAAGCCGTTGATGTTGTGCCCGACGATGTAGA 
GTTCCATGAATCGCGGGCGGCCTTTGATGTGCGGCAGCTTTTITGAGCTCCTCGTAGGTGAGGTCCTCGGG 
GCATIGCAGGCCGTGCTGCTCGAGCGCCCACTCCTGGAGATGTGGGTIGGCTTGCATGAAGGAAGCCCAG 
AGCTCGCGGGCCATGAGGGTCTGGAGCTCGTCGCGAAAGAGGCGGAACTGCTGGCCCACGGCCATCTITT 
CTGGGGTGACGCAGTAGAAGGTGAGGGGGTCCCGCTCCCAGCGATCCCAGCGTAAACGCACGGCGAGATC 
GCGAGCGAGGGCGACCAGCTCTGGGTCCCCGGAGAATTTCATGACCAGCATGAAGGGGACGAGCTGCTIG 
CCGAAGGACCCCATCCAGGTGTAGGTTTCTACATCGTAGGTGACAAAGAGCCGCTCCGTGCGAGGATGAG 
AGCCGATIGGGAAGAACTGGATTICCTGCCACCAGT'TGGACGAGTGGCTGTTGATGTGATGAAAGTAGAA 
ATCCCGCCGGCGAACCGAGCACTCGTGCTGATGCTTGTAAAAGCGTCCGCAGTACTCGCAGCGCTGCACG 
GGCTGTACCTCATCCACGAGAT ACACAGCGCGTCCCTTGAGGAGGAACTTCAGGAGTGGCGGCCCTGGCT 
GGTITGGTTTITCATGTTCGCCTGCGTGGGACTCACCCTGGGGCTCCTCGAGGACGGAGAGGCTGACGAGCCC 
GCGCGGGAGCCAGGTCCAGATCTCGGCGCGGCGGGGGCGGAGAGCGAAGACGAGGGCGCGCAGT TGGGAG 
CTGTCCATGGTGTCGCGGAGATCCAGGTCCGGGGGCAGGGTTCTGAGGTTGACCTCGTAGAGGCGGGTGA 
GGGCGTGCTTGAGATGCAGATGGTACTTGATTTCTACGGGTGAGTTGGTGGTCGTGTCCACGCATTGCAT 
GAGCCCGTAGCTGCGCGGGGCCACGACCGTGCCGCGGTGCGCTTTTAGAAGCGGTGTCGCGGACGCGCIC 
CCGGCGGCAGCGGCGGTTCCGGCCCCGCGGGCAGGGGCGGCAGAGGCACGTCGGCGTGGCGCTCGGGCAG 
GTCCCGGTGCTGCGCCCTGAGAGCGCTGGCGTGCGCGACGACGCGGCGGTTGACATCCTGGATCTGCCGC 
CTCTGCGTGAAGACCACGGGCCCCGTGACTTTGAACCTGAAAGACAGT TCAACAGAATCAATCTCTGCGT 
CATTGACGGCGGCCTGACGCAGGATCTCTTGCACGTCGCCCGAGTTGTCCTGGTAGGCGATCTCGGACAT 
GAACTGTTCGATCTCCTCCTCCTGGAGATCGCCGCGGCCCGCGCGCTCCACGGTGGCGGCGAGGTCATIG 
GAGATGCGACCCATGAGCTGCGAGAAGGCGCCCAGGCCGCTCTCGTTCCAGACGCGGCTGTAGACCACGT 
CCCCGTCGGCGTCGCGCGCGCGCATGACCACCTGCGCGAGGT TGAGCTCCACGTGCCGCGCAAAGACGGC 
GTAGTTGCGCAGGCGCTGGAAGAGGTAGTTGAGGGTGGTGGCGATGTGCTCGGTGACGAAGAAGTACATG 
ATCCAGCGGCGCAGGGGCATCTCGCTGATGTCGCCGATGGCTTCCAGCCTTTCCATGGCCTCGTAGAAGT 
CCACGGCGAAGTTGAAAAACTGGGCGTITGCGGGCCGAGACCGTGAGCTICGTICTICCAGGAGCCGGATGAG 
TICGGCGATGGTGGCGCGCACCTCGCGCTCGAAATCCCCGGGGGCCTCCTCCTCITCCTCITCITCCATG 
ACGACCTICTICTICTATITTCTICCICTGGGGGCGGTGGTGGTGGCGGGGGCCGACGACGACGGCGACGCA 
CCGGGAGACGGTCGACGAAGCGCTCGATCATCICCCCGCGGCGGCGACGCATGGTITTCGGIGACGGCGCG 
ACCCCGITCGCGAGGACGCAGCGTGAAGACGCCGCCGGTCATCTCCCGGTAATGGGGCGGGICCCCATTG 
GGCAGCGATAGGGCGCTGACGATGCATCTTATCAATTGCGGTIGTAGGGGACGTGAGCGCGTCGAGATCGA 
CCGGATCGGAGAATCTITCGAGGAAAGCGTCTAGCCAATCGCAGTICGCAAGGTAAGCTCAAACACGTAGC 
AGCCCTGCGGACGCTGTTAGAATTGCGGTTGCTGATGATGTIAATTGAAGTAGGCGTTITTGAGGCGGCGG 
ATGGTGGCGAGGAGGACCAGGTICCTTGGGTCCAGCTIGCTIGGATGCGGAGCCGCTCGGCCATGCCCCAGG 
CCTGGCCCTGACACCGGCTCAGGTTCTTGTAGTAGTCATGCATGAGCCTCTCAATGICATCACTGGCTGA 
GGCGGAGTICTICCATGCGGGIGACCCCGACGCCCCTGAGCGGCTGCACGAGCGCCAGGTCGGCGACGACG 
CGCTCGGCGAGGATGGCCTGTITGCACGCGGGTIGAGGGTIGTCCTGGAAGTCGTCCATGTCGACGAAGCGGT 
GATAGGCCCCGGTGTTGATGGTGTAGGTGCAGTITGGCCATGAGCGACCAGT'TGACGGTICTGCAGGCCTGG 
CTGCACGACCTCGGAGTIACCTGAGCCGCGAGAAGGCGCGCGAGTCGAAGACGTAGTCGTIGCAGGTIGCGC 
ACGAGGTACTGGTIATCCGACTAGGAAGTIGCGGCGGCGGCTGGCGGTI AGAGCGGCCAGCGCTGGGIGGCCG 
GCGCGCCCGGGGCCAGGTCCTCGAGCATGAGGCGGTIGGTAGCCGTIAGAGGTIAGCGGGACATCCAGGTGAT 
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GCCGGCGGCGGTGGTGGAGGCGCGCGGGAACTCGCGGACGCGGTTCCAGATGTIGCGCAGCGGCAGGAAA 
TAGICCATGGICGGCACGGTICTGGCCGGTITGAGACGCGCGCAGTCATTGACGCTCTAGAGGCAAAAACGAA 
AGCGGTIT'TGAGCGGGCTCTICCTCCGTAGCCTGGCGGAACGCAAACGGGT'TAGGCCGCGIGTGTACCCCGG 
TICGAGTCCCCTCGAATCAGGCTGGAGCCGCGACTAACGTGGTATTGGCACTCCCGTCTCGACCCGAGCC 
CGATAGCCGCCAGGAT ACGGCGGAGAGCCCTTTTTGCCGGCCGAGTGGGGTCGCTAGACTIGAAAGCGAC 
CGAAAACCCTGCCGGGTAGTGGCTCGCGCCCGTAGTCTGGAGAAGCATCGCCAGGGTTGAGTCGCGGCAG 
AACCCGGT TCGAGGACGGCCGCGGCGAGCGGGACTTGGTCACCCCGCCGATATAAAGACCCACAGCCAGC 
CGACTITCTCCAGTTACGGGAGCGAGCCCCCTTITTTICTITTIGCCAGATGCATCCCGTCCTGCGCCAAAT 
GCGITCCCACCCCCCCGGCGACCACCGCGACCGCGGCCGTAGCAGGCGCCGGCGCTAGCCAGCCACCACAG 
ACAGAGATGGACTTGGAAGAGGGCGAAGGGCTGGCAAGACTGGGGGCGCCGTCCCCGGAGCGACATCCCC 
GCGTIGCAGCTGCAGAAGGACGTGCGCCCGGCGTACGTGCCTACGCAGAACCTGTTCAGGGACCGCAGCGG 
GGAGGAGCCCGAGGAGAT GCGCGACTGCCGGTTITCGGGCGGGCAGGGAGCTGCGCGAGGGCCTGGACCGC 
CAGCGCGTIGCTGCGCGACGAGGATTICGAGCCGAACGAGCAGACGGGGATCAGCCCCGCACGCGCGCACG 
TGGCGGCAGCCAACCTGGTGACGGCCTACGAGCAGACGGTGAAGCAGGAGCGCAACTTCCAAAAGAGTTT 
CAACAACCACGTGCGCACCCTGATCGCGCGCGAGGAGGTGGCCCTGGGCCTGATGCACCTGTGGGACCTG 
GCGGAGGCCATCGTGCAGAACCCGGACAGCAAGCCTCTGACGGCGCAGCTGTTCCTGGTGGTGCAGCACA 
GCAGGGACAACGAGGCGTTCAGGGAGGCGCTGCTGAACATCGCCGAGCCCGAGGGTCGCTGGCTGCTGGA 
GCTGATTAACATCTTGCAGAGCATCGTAGTGCAGGAGCGCAGCCTGAGCCTGGCCGAGAAGGTGGCGGCG 
ATCAACTACTCGGIGCTGAGCCTGGGCAAGTTITTIACGCGCGCAAGATTI'TACAAGACGCCGTACGTGCCCA 
TAGACAAGGAGGTGAAGATAGACAGCTTT'TACATGCGCATGGCGCTCAAGGTGCTGACGCTGAGCGACGA 
CCTgGGCGTGTACCGCAACGACCGCATCCACAAGGCCGTGAGCACGAGCCGGCGGCGCGAGCTGAGCGAC 
CGCGAGCTGATGCTGAGTCTGCGCCGGGCGCTGGTAGGGGGCGCCGCCGGCGGCGAGGAGTCCTACTTCG 
ACATGGGIGCGGACCTGCATTGGCAGCCGAGCCGGCGCGCCTTGGAGGCCGCCTACGGTITCAGAGGACTT 
GGATGAGGAAGAGGAAGAGGAGGAGGATGCACCCGCTGCGGGGTACTGACGCCTCCGTGATGTGTITTTA 
GATGICCCAGCAAGCCCCGGACCCCGCCAT AAGGGCGGCGCTGCAAAGCCAGCCGTCCGGTCTAGCATCG 
GACGACTGGGAGGCCGCGATGCAACGCATCATGGCCCTGACGACCCGCAACCCCGAGTCCTTTAGACAAC 
AGCCGCAGGCCAACAGACTCTCGGCCATTCTGGAGGCGGTGGTCCCCTCTCGGACCAACCCCACGCACGA 
GAAGGTGCTGGCGATCGTGAACGCGCTGGCGGAGAACAAGGCCATCCGTCCCGACGAGGCCGGGCTGGIG 
TACAACGCCCTGCTGGAGCGCGTGGGCCGCTACAACAGCACGAACGTGCAGTCCAACCTGGATCGGCTGG 
TGACGGACGTGCGCGAGGCCGTGGCGCAGCGCGAGCGGT'TCAAGAACGAGGGCCTGGGCTCGCTGGTGGC 
GCTGAACGCCTTCCTGGCgACGCAGCCGGCGAACGTGCCGCGCGGGCAGGACGAT'TACACCAACTTTATC 
AGCGCGCTIGCGGCTGATGGTIGACCGAGGTGCCCCAGAGCGAGGTGTACCAGTCTGGCCCGGACTACTTTT 
TCCAGACGAGCCGGCAGGGCTTGCAGACGGTGAACCTGAGCCAGGCTTTCAAGAATCTGCGCGGGCTGIG 
GGGCGTGCAGGCGCCCGTGGGCGACCGGTCAACGGTGAGCAGCTTGCTGACGCCCAACTCGCGGCTGCTIG 
CTGCTGCTGATCGCGCCCTTCACCGACAGCGGCAGCGTGAACCGCAACTCGTACCTGGGCCATCTGCTGA 
CGCTGTACCGCGAGGCCATAGGCCAGGCGCAGGTGGACGAGCAGACCTTCCAGGAGATCACTAGCGTIGAG 
CCGCGCGCTGGGGCAGAACGACACCGACAGTCTGAGGGCCACCCTGAACTTTTTGCTGACCAAT AGACAG 
CAGAAGATCCCGGCGCAGTACGCACTIGTCGGCCGAGGAGGAAAGGATICTGAGATATGTGCAGCAGAGCG 
TAGGGCTGTITCCTGATGCAGGAGGGIGCCACCCCCAGCGCCGCGCTGGACAT GACCGCGCGCAACATGGA 
ACCTAGCATGTACGCCGCCAACCGGCCGTTCATCAATAAGCTGATGGACTACTTGCACCGCGCGGCGGCC 
ATGAACACGGACTACTTITACCAACGCCATCCTGAACCCGCACTGGCICCCGCCGCCGGGGTICTACACGG 
GCGAGT ACGACATGCCCGACCCCAACGACGGGITCCTGIGGGACGACGTGGACAGCGCGGIGTICICGCC 
GACCTITTCAAAAGCGCCAGGAGGCGCCGCCGAGCGAGGGCGCGGTIGGGGAGGAGCCCCTITCCTAGCTIA 
GGGAGTT'IGCATAGCTIGCCGGGCTCGGTGAACAGCGGCAGGGTGAGCCGGCCGCGCTTGCTGGGCGAGG 
ACGAGT ACCTGAACGACTCGCIGCTGCAGCCGCCGCGGGCCAAGAACGCCATGGCCAATAACGGGATAGA 
GAGTICTGGTGGACAAACTGAACCGCTIGGAAGACCTACGCTCAGGACCATAGGGACGCGCCCGCGCCGCGG 
CGACAGCGCCACGACCGGCAGCGGGGCCTGGIGTGGGACGACGAGGACTCGGCCGACGAT AGCAGCGTGT 
TGGACTTGGGCGGGAGCGGIGGGGTCAACCCGITCGCGCATCTGCAGCCCAAACTGGGGCGACGGATGTIT 
TTIGAATGAAATAAAACTCACCAAGGCCATAGCGTGCGTICTCTTCCTIGTTAGAGATGAGGCGCGCGGIG 
GIGICTTCCTCTCCTCCTCCCTCGTACGAGAGCGTGATGGCGCAGGCGACCCTGGAGGTICCGTITIGTGC 
CICCGCGGTATATGGCICCTACGGAGGGCAGAAACAGCATTCGTTACICGGAGCTGGCTCCGCAGTIACGA 
CACCACTCGCGTGTIACTTGGIGGACAACAAGTCGGCGGACATCGCTTCCCTGAACT ACCAAAACGACCAC 
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AGCAACTITCCTGACCACGGTGGTGCAGAACAACGATI'TCACCCCCGCCGAGGCCAGCACGCAGACGATAA 
ATITTTGACGAGCGGTCGCGGTGGGGCGGTGATCITGAAGACCATTCTGCACACTAACATGCCCAATGTGAA 
CGAGTIACATGITCACCAGCAAGTTTAAGGCGCGGGTGATGGTIGTCTAGGAAGCATCCAGAGGGGGTAGTT 
GAAACAGATTIGAGTCAGGATAAGCTTIGAATATGAGTGGTTIGAGTTIACCCTGCCCGAGGGAAACTTIT 
CCGAGACCATGACCATAGACCTGATGAACAACGCCATCTITGGAAAACTACTTGCAAGTGGGGCGGCAGAA 
TGGCGTGCTGGAGAGCGATATCGGAGTCAAGTTITGACAGCAGAAATTICAAGCTGGGCTGGGACCCGGTIG 
ACCAAGCTGGTGATGCCAGGGGTCTACACCTACGAGGCCTITCCACCCGGACGTIGGIGCTGCTGCCGGGCT 
GCGGGGTGGACTTCACCGAGAGCCGCCTGAGCAACCTCCTGGGCAT TCGCAAGAAGCAACCTITCCAAGA 
GGGCTTCAGAATCATGTATGAGGATCTAGAAGGTGGCAACATCCCCGCCCTCCTIGATGTGCCCAAGTAC 
TI GGAAAGCAAGAAGAAAGT'TGAAGACGAAACTAAAAATGCAGCTGCGGCCACAGCCGATACAACCACTA 
GGGGTIGATACATTTGCAACTCCAGCGCAAGAGACAGCAGCTGATAAGAAGGT AGAAGTCTTGCCCATTGA 
AAAGGATGAGAGTGGTAGAAGT'TACAACCTGATCCAGGGGACCCACGACACGCTGTACCGCAGTTGGTAC 
CTGITCCTATACCTACGGGGACCCCGAGAAGGGGGTGCAGTCGTGGACGCTGCTCACCACCCCGGACGTTIA 
CCTGCGGCGCGGAGCAAGTCTACTGGTICACTGCCGGACCTCATGCAAGACCCCGTCACCTICCGCTCCAC 
CCAGCAAGTCAGCAACTACCCCGTGGTCGGCGCCGAGCTCATGCCCTICCGCGCCAAGAGCTT'T'TACAAC 
GACCTCGCCGTCTACTCCCAGCTCATCCGCAGCT ACACCTCCCTCACCCACGTCTTCAACCGCTTCCCCG 
ACAACCAGATCCTCTGCCGCCCGCCCGCGCCCACCATCACCACCGTCAGTGAAAACGTGCCTGCTCTCAC 
AGATCACGGGACGCTACCGCTGCGCAGCAGTATCCGCGGAGTCCAGCGAGTGACCGTCACTGACGCCCGT 
CGCCGCACCTGTCCCTACGTCT ACAAGGCCCTGGGCATAGTCGCGCCGCGCGTGCTTTCCAGTCGCACCT 
TCTAAAAAAATGTCTATTCTCATCTCGCCCAGCAAT AACACCGGCTGGGGTCTTACTAGACCCAGCACCA 
TGTACGGAGGAGCCAAGAAGCGCTCCCAGCAGCACCCCGTCCGCGTCCGCGGCCACTTCCGCGCTCCCTG 
GGGCGCaTACAAGCGCGGGCGGACTTCCACCGCCGCCGTGCGCACCACCGTCGACGACGTCATCGACTCG 
GTGGTCGCCGACGCGCGCAACTATACCCCCGCCCCCTCCACCGTGGACGCGGTCATCGACAGCGTGGTGG 
CCGACGCGCGCGACTATGCCAGACGCAAGAGCCGGCGGCGACGGATCGCCAGGCGCCACCGGAGCACGCC 
CGCCATGCGCGCCGCCCGGGCTCTGCTGCGCCGCGCCAGACGCACGGGCCGCCGGGCCATGATGCGAGCC 
GCGCGCCGCGCTGCCACTGCACCCACCCCCGCAGGCAGGACTCGCAGACGAGCGGCCGCCGCCGCCGCIG 
CGGCCATCTCTAGCATGACCAGACCCAGGCGCGGAAACGTGTACTGGGTGCGCGACTCCGTCACGGGCGT 
GCGCGTGCCCGTGCGCACCCGTCCTCCTCGTCCCTGATCTAATGCTTGTGTCCTCCCCCGCAAGCGACGA 
TGTCAAAGCGCAAAATCAAGGAGGAGATGCTCCAGGTCGTCGCCCCGGAGAT T'TACGGACCACCCCAGGC 
GGACCAGAAACCCCGCAAAATCAAGCGGGTTAAAAAAAAGGATGAGGTGGACGAGGGGGCAGTAGAGTIT 
GTGCGCGAGTTCGCTCCGCGGCGGCGCGTAAATTGGAAGGGGCGCAGGGTGCAGCGCGTGTTGCGGCCCG 
GCACGGCGGTGGTGTTCACGCCCGGCGAGCGGTCCTCGGTCAGGAGCAAGCGTAGCTATGACGAGGTGTA 
CGGCGACGACGACATCCTGGACCAGGCGGCGGAGCGGGCGGGCGAGTTCGCCTACGGGAAGCGGTCGCGC 
GAAGAGGAGCTGATCTCGCTGCCGCTGGACGAAAGCAACCCCACGCCGAGCCTGAAGCCCGTGACCCTGC 
AGCAGGTGCTGCCCCAGGCGGTGCTGCTGCCGAGCCGCGGGGTCAAGCGCGAGGGCGAGAGCATGTACCC 
GACCATGCAGATCATGGTGCCCAAGCGCCGGCGCGTGGAGGACGTGCTGGACACCGTGAAAATGGATGIG 
GAGCCCGAGGICAAGGTIGCGCCCCATCAAGCAGGTGGCGCCGGGCCTGGGCGTGCAAACCGTGGACATIC 
AGATCCCCACCGACATGGATGICGACAAAAAACCCTCGACCAGCATCGAGGTGCAAACCGACCCCTIGGCT 
CCCAGCCICCACCGCTACCGTCICCACTICTACCGCCGCCACGGCT ACCGAGCCTCCCAGGAGGCGAAGA 
TGGGGCGCCGCCAGCCGGCTIGATGCCCAACTACGTGTITGCATCCTTCCATCATCCCGACGCCGGGCTACC 
GCGGCACCCGGTACTACGCCAGCCGCCGGCGCCCAGCCAGCAAACGCCGCCGCCGCACCGCCACCCGCCG 
CCGICTGGCCCCCGCCCGCGIGCGCCGCGT GACCACGCGCCGGGGCCGCTCGCTCGTICITGCCCACCGIG 
CGCTACCACCCCAGCATCCTITAATCCGTGTGCTGIGATACTIGTIGCAGAGAGATGGCTCICACTIGCCG 
CCTGCGCATCCCCGTCCCGAAT TACCGAGGAAGATCCCGCCGCAGGAGAGGCATGGCAGGCAGCGGCCTG 
AACCGCCGCCGGCGGCGGGCCATGCGCAGGCGCCTGAGTGGCGGCTITCIGCCCGCGCTCATCCCCATAA 
TCGCCGCGGCCATEGGCACGATCCCGGGCATAGCTTCCGTTGCGCTGCAGGCGTCGCAGCGCCGTTGATG 
TGCGAATAAAGCCTCTITAGACTCTGACACACCTGGTCCTGTIATATTITTAGAATGGAAGACATCAATIT 
TGCGICCCTGGCTCCGCGGCACGGCACGCGGCCGTICATGGGCACCTGGAACGAGATCGGCACCAGCCAG 
CTGAACGGGGGCGCCTICAATTGGAGCAGTGICTGGAGCGGGCTTAAAAATTTCGGCTCGACGCTCCGGA 
CCTATGGGAACAAGGCCTGGAATAGTI AGCACGGGGCAGTTGI'TGAGGGAAAAGCTCAAAGACCAgAACT'T 
CCAGCAGAAGGTGGTGGACGGGCTGGCCTCGGGCATTAACGGGGTIGGIGGACATCGCGAACCAGGCCGIG 
CAGCGCGAGATAAACAGCCGCCTGGACCCGCGACCGCCCACGGTGGTGGAGATGGAAGATGCAACTCTIC 
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CGCCGCCCAAŞGGCGAgJAAGCGGCCGCGGCCCGACGCGGAGGAGACGATCCTGCAGGTGGACGAGCCGCC 
CTCGIACGAGGAGGCCGTCAAGGCCGGCAT GCCCACCACGCGCATCATCGCGCCGCTGGCCACGGGTGTIA 
ATGAAACCCGCCACCCTTGACCTGCCTCCACCACCCGCGCCCGCTCCACCGAAGGCAACTCCGGTIGTGC 
AGGCCCCCCCGGIGGCGACCGCCGTIGCGCCGCGICCCCGCCCGCCGCCAGGCCCAGAACTGGCAGAGCAC 
GCTGCACAGTATCGTGGGCCTGGGAGTIGAAAAGTCTGAAGCGCCGCCGATGCTATTGAGAGAGAGGAAAG 
AGGACACT AAAGGGAGAGCTTAACTTGTATGTGCCTTACCGCCAGAGAACGCGCGAAGATGGCCACCCCC 
TCGATGATGCCGCAGTGGGCGTACATGCACATCGCCGGGCAGGACGCCTCGGAGTACCTGAGCCCGGGIC 
TGGIGCAGTTTIGCCCGCGCCACCGACACGTACTTCAGCCTGGGCAACAAGTTTAGGAACCCCACGGTGGC 
CCCGACCCACGATGTGACCACGGACCGGTCCCAGCGTCTGACGCTGCGCTTCGTIGCCCGTGGATCGCGAG 
GACACCACGTACTCGTACAAGGCGCGCTTCACTCTGGCCGTGGGCGACAACCGGGTGCTAGACATGGCCA 
GCACTTACTTTGACATCCGCGGCGTCCTGGACCGCGGTICCCAGCTTCAAACCCTACTCGGGCACGGCCTA 
CAACAGCCTGGCTCCCAAGGGTGCCCCCAATCCCAGTCAGTGGGAAACAAAAGAAAAGCAAGGAACTACT 
GGAGGAGTGCAGCAAGAAAAAGATGTCACAAAAACATTTGGTGTGGCTGCCACCGGCGGAATTAATATAA 
CAAACCAGGGTCTGTTACTAGGAACTGACGAAACCGCTGAGAATGGCAAAAAAGACAT TTATGCAGACAA 
GACTITCCAGCCAGAACCTCAAGTTGGAGAAGAAAACTGGCAGGAAAATGAAGCCTTCTATGGAGGAAGG 
GCTCTTAAAAAGGACACTAAAATGAAACCATGCTATGGATCTTTITGCTAGACCTACTAATGAGAAAGGAG 
GTCAGGCAAAGTTCAAACCAGTTAATGAAGGAGAACAACCTAAAGATCTGGATATAGATTTTGCTTACTT 
TGACGTCCCTGGCGGAAGTCCTCCAGCAGGTGGTAGTGGGGAAGAATACAAAGCAGATATAATTTTGTAC 
ACTGAAAATGTTAATCTIGAAACACCAGACACTCATGTGGTTTACAAGCCAGGAACTTCAGATAACAGTT 
CAGAAATCAATCTGGTTCAGCAGTCCATGCCAAACAGACCCAACTACATTGGCTTTAGGGACAACTITGT 
AGGICTICATGTATI ACAACAGCACCGGAAATATGGGTGTGCTGGCTGGTICAGGCTTCTCAGT'IGAACGCT 
GTGGTCGACTTGCAAGACAGAAACACCGAGTTATCTTACCAGCTATTGCTAGATTCTCTGGGTGACAGAA 
CCAGATACTTTAGCATGTGGAACTCTGCGGTGGACAGTTACGATCCAGATGTCAGGATCATTGAAAATCA 
CGGTGTGGAAGATGAACT TCCAAACTATTGCTTCCCATTGAATGGCACTGGAACCAATTCCACTTATCAA 
GGTGTAAAGATTACAAATGGTAATGATGGTGCTGAAGAAAGTGAGTGGGAGAAAGACGATGCAATTTCTA 
GACAAAACCAAATCTGCAAGGGCAATGTCTACGCCATGGAGATCAACCTGCAGGCCAACCTGTGGAAGAG 
TTITCTGTACTCGAACGTGGCCCTGTACCTGCCCGACTCCTACAAGTACACGCCGGCCAACGTCAAGCTIG 
CCCGCCAACACCAACACCTACGAGTACATGAACGGCCGCGTGGTAGCCCCCTCgCTGGTGGACGCCTACA 
TCAACATCGGCGCCCGCTGGTCGTTGGACCCCATGGACAACGTCAACCCCTTCAACCACCACCGCAATGC 
GGGCCTGCGCTACCGCTCCATGCTGCTGGGCAACGGCCGCTACGTGCCCTTCCACATCCAAGTGCCCCAA 
AAGTTCTITTGCCATCAAGAACCTGCTCCTGCTCCCGGGCTCCTACACCTACGAGIGGAACTTCCGCAAGG 
ACGTICAACATGATCCTGCAGAGTTICCCTCGGCAACGACCTGCGCGTCGACGGCGCCTCCGTCCGCTTCGA 
CAGCGTCAACCTATACGCCACTTTCTTCCCCATGGCGCACAACACCGCT'TCAACCT TGGAAGCCATGCTIG 
CGCAACGACACCAACGACCAGTCCTTCAACGACT ACCTCTCGGCCGCCAACATGCTCTACCCCATCCCGG 
CCAAGGCCACCAACGTGCCCATCTCCATCCCATCGCGCAACTGGGCCGCCTTCCGCGGCTGGAGTTICAC 
CCGGCTCAAGACCAAGGAAACTCCTTCCCTCGGCTCGGGTTTCGACCCCTACTTTGTCTACTCGGGCTCC 
ATCCCCTACCTCGACGGGACCTITCTACCTCAACCACACCTICAAGAAGGTICTCCATCATGTICGACTCCT 
CGGICAGCTGGCCCGGCAACGACCGGCTGCTCACGCCGAACGAGTITCGAGATCAAGCGCAGCGTICGACGG 
GGAGGGCTIACAACGTGGCCCAATGCAACAT GACCAAGGACTGGTICCICGITCCAGATGCICTCCCACTAC 
AACATCGGCT ACCAGGGCTITCCACGTGCCCGAGGGCTACAAGGACCGCATGTACTCCTICTICCGCAACT 
TCCAGCCCATGAGCAGGCAGGTGGTCGATGAGATCAACTACAAGGACTI ACAAGGCCGTCACCCTGCCCTTI 
CCAGCACAATAACTICGGGCT'TCACCGGCTACCTICGCACCCACCATGCGCCAGGGGCAGCCCT ACCCCGCC 
AACTTCCCCTACCCGCTCATCGGTCAGACAGCCGTGCCCTCCGTCACCCAGAAAAAGTICCICTGCGACA 
GGGICATGTGGCGCATCCCCTTCTCCAGCAACTITCATGICCATGGGCGCCCTCACCGACCTGGGTCAGAA 
CATGCTCTACGCCAACTCGGCCCACGCGCTCGACATGACCTICGAGGIGGACCCCATGGATGAGCCCACC 
CTCCICTATCTTCICTICGAAGTTTICGACGTIGGTCAGAGT ACACCAGCCGCACCGCGGCGTCATCGAGG 
CCGICTACCTGCGCACGCCCTTCTCCGCCGGCAACGCCACCACCTAAGCATGAGCGGCTCCAGCGAACGA 
GAGCICGCGGCCATCGIGCGCGACCTGGGCTGCGGGCCCTACTTITTGGGCACCCACGACAAGCGCTTCC 
CGGGCTTICTCGCCGGCGACAAGCTGGCCTGCGCCATCGTCAACACGGCCGGCCGCGAGACCGGAGGCGT 
GCACTIGGCTCGCCTTCGGCITGGAACCCGCGCTCGCGCACCTGCTACATGTICGACCCCTTITGGGTICTCG 
GACCGCCGGCTICAAGCAGAT'TITACAGCTICGAGT ACGAGGCCATGCTGCGCCGCAGCGCCCTGGCCTCCT 
CGCCCGACCGCTGICTCAGCCTCGAGCAGTCCACTCAGACCGTGCAGGGGCCCGACTCCGCCGCCTGCGG 
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ACTCTICTGTTGCATGTITCTTGCATGCCTTCGTGCACTGGCCCGACCGACCCATGGACGGAAACCCCACC 
ATGAACTTGCTGACGGGGGTGCCCAACGGCATGCTACAATCGCCACAGGTIGCTIGCCCACCCTICAGGCGCA 
ACCAGGAGGAACTICTACCGCTICCTCGCGCGCCACTCCCCTITACTITCGCTCCCACCGCGCCGCCATCGA 
ACACGCCACCGCTITTITGACAAAATGAAACAACTGCGTIGTATCTCAATAAACAGCACTTITTATITTIACATG 
CACTGGAGTATATGCAAGTTATTITAAAAGTCGAAGGGGTTCTCGCGCTICGTCGTTGTGCGCCGCGCTGGG 
GAGGGCCACGTTGCGGTACTGGTACTIGGGCTGCCACTIGAACTCGGGGATCACCAGTTTGGGCACTGGG 
GTCTCGGGGAAGGTICTCGCTCCACATGCGCCGGCTCATCTGCAGGGCGCCCAGCATGTCCGGGGCGGAGA 
TCTIGAAATCGCAGTTGGGGCCGGTGCTCTGCGCGCGCGAGTTGCGGTIACACGGGGTITGCAGCACTGGAA 
CACCATCAGACTGGGGTACTTCACACTAGCCAGCACGCTCTIGTCGCIGATCTGATCCTIGTCCAGATCC 
TCGGCGTTIGCTCAGGCCGAACGGGGTICATCTIGCACAGCTGGCGTCCCAGGAAGGGCACGCTCTGAGGCT 
TGTGGTTACACTCGCAGTGCACGGGCATCAGCATCAŢCCCCGCGCCGCGCTGCATATTCGGGTAGAGGGC 
CTTGACAAAGGCCGCGATCTGCTTGAAAGCTTGCTGGGCCTIGGCCCCCTCGCTGAAAAACAGGCCGCAG 
CTCTICCCGCTGAACTGGTTATICCCACACCCGGCATCCTGCACGCAGCAGCGCGCGTCATGGCTGGTCA 
GTTGCACCACGCTCCGTICCCCAGCGGTITCTGGGTCACCTTAGCCTTGCTGGGCTGCTCCTITCAACGCGCG 
CTGCCCGTTCTCGCTGGTCACATCCATCTCCACCACGTGGTCCTIGTGGATCATCATCGTCCCGTGCAGA 
CACTIGAGCTGGCCTTCCACCTCGGTIGCAGCCGTGATCCCACAGGGCGCAACCGGTGCACTCCCAGTTCT 
TGIGCGCAATCCCGCTGTGGCTGAAGATGTAACCTTGCAACATGCGGCCCATGATGGTGCTAAATGCTIT 
CTGGGTGGTGAAGGTCAGTTGCATCCCGCGGGCCTCCTCGTTCATCCAGGTCTGGCACATCTTCTGGAAG 
ATCTICGGICTIGCTCGGGCATGAGCTIGTAAGCATCGCGCAGGCCGCTGTCGACGCGGTAGCGTTCCATCA 
GCACGTTCATGGTATCCATGCCCTTCTCCCAGGACGAGACCAGAGGCAGACTCAGAGGGTTGCGTACGTIT 
CAGGACACCGGGGGTCGCGGGCTCGACGATGCGTTTTCCGTCCTTGCCTTCCTTCAAT AGAACCGGCGGC 
TGGCTGAATCCCACTCCCACGATCACGGCATCTTCCTGGGGCATCTCTTCGTCGGGGTCTACCTTGGTCA 
CATGCTTGGTCTTTCTGGCTTGCTTCTITTTTIGGAGGGCTGTCCACGGGGAGCACGTCCTCCTCGGAAGA 
CCCGGAGCCCACCCGCTGATACTTTCGGCGCTTGGTGGGCAGAGGAGGTGGCGGCGAGGGGCTCCTCTCC 
TGCTCCGGCGGATAGCGCGCCGACCCGTGGCCCCGGGGCGGAGTGGCCTCTECGGCCCATGAACCGGCGCA 
CGTCCTGACTGCCGCCGGCCATTGTTTCCTAGGGGAAGAT GGAGGAGCAGCCGCGT AAGCAGGAGCAGGA 
GGAGGACT'TAACCACCCACGAGCAACCCAAAATCGAGCAGGACCTGGGCTTCGAAGAGCCGGCTCGTCTA 
GAACCCCCACAGGATGAACAGGAGCACGAGCAAGACGCAGGCCAGGAGGAGACCGACGCTGGGCTCGAGC 
ATGGCTACCTIGGGAGGAGAGGAGGATGTIGCTGCTGAAACACCTGCAGCGCCAGTCCCTCATCCTCCGGGA 
CGCCCTGGCCGACCGGAGCGAAACCCCCCTCAGCGTCGAGGAGCTGTGTCGGGCCTACGAGCTCAACCTIC 
TTCTCGCCGCGCGTACCCCCCAAACGCCAGCCCAACGGCACCTGCGAGCCCAACCCGCGTCTCAACTTCT 
ATCCCGTCTITGCGGTICCCCGAAGCCCTCGCCACCTATCACATCTTTTITCAAGAACCAAAAGATCCCCGT 
CTCCTGCCGCGCCAACCGCACCAGCGCCGACGCGCTCCTCGCTUTGGGGCCCGGCGCGCGCATACCTGAT 
ATCGCTTCCCTGGAAGAGGTGCCCAAGATCTTCGAAGGGCTCGGTICGGGACGAGACGCGCGCGGCGAACG 
CTCTGAAAGAAACAGCAGAGGAAGAGGGTCACACTAGCGCCCTGGTAGAGT'TGGAAGGCGACAACGCCAG 
GCTGGCCGTGCTCAAGCGCAGCGTCGAGCT tACCCACTTCGCCTACCCCGCCGTCAACCTCCCGCCCAAG 
GICATGCGTCGCATCATGGATCAGCTCATCATGCCCCACATCGAGGCCCTCGATGAAAGTICAGGAGCAGC 
GCCCCGAGGACGCCCGGCCCGTGGTCAGCGACGAGATGCTCGCGCGCIGGCTCGGGACCCgCGACCCCCA 
GGCTITGGAACAGCGGCGCAAaCTCATGCTGGCCGTGGTCCTGGTCACCCTEGAGCTCGAATGCATGCGC 
CGCTTETTCAGCGACCCCGAGACCCTGCGCAAGGTCGAGGAGACCCTGCACTACACTTTCAGg9CACGGTIT 
TCGICAGGCAGGCCTGCAAGATCTCCAACGTGGAGCTGACCAACCTGGTCTCCIGCCTGGGGATCCTGCA 
CGAGAACCGCCTGGGCCAGACCGTGCTICCACTCTACCCTGAAGGGCGAGGCGCGGCGGGACTATGTICCGC 
GACTGCGICTITCICTITTCICTGCCACACATGGCAAGCg9GCCATGGGCGTGTGGCAgCAGIGTCTCGAGG 
ACGAgAACCT aAAGGAGCTGGACAAGCTTCTTGCTAGAAACCT'TAAAAAGCTGTGGACGGGCTTCGACGA 
GCGCACCGTCGCCTCGGACCTGGCCGAGATCGTICTICCCCGAGCGCCIGAGaCAGACGCTIGAAAGGCGGG 
CTGCCCGACTTCATGAGCCAGAGCATGTTGCAAAACTACCGCACTTTCATTCTEGAGCGATCaGGcATŢceC 
TGCCCGCCACCTGCAACGCCTTCCCCTCCGACTTTGTaCCGCTGAGCTIACCGCGAGTIGTCCCCCGCCGCT 
GIGGAGCCACTGCTACCTCTIGCAGCTIGGCCAACTACATCGCCTACCACTCGGACGTGATCGAGGACGIG 
AGCGGCGAGGGGCTGCTCGAGTGCCACTGtECGCTGCAACCTGTGCTCCCCGCAtTCGCTCCCTGGTCTGCA 
ACCCCCAGCTCCTgAGCGAGACCCAGGTICATCGGTACCTI CGAGCTGCAAGGICCGCAGGAGICCACCGC 
TCCGCTGAAACTCACGCCGGGGTTGIGGACTICCGCGTACCTIGCGCAAATITGIACCCGAaGACTACCAC 
GCCCATGAGATAAAGTTCTT EGAGGACCAATCGCGTCCGCAGCACGCGGATCTCACGGCCTGCGTCATCA 
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CCCAGGGCGCgATCCTCGCCCAAT TGCACGCCATCCAAAAATCCCGCCAAGAGTITTCTTCIGAAAAAGGG 
TAGAGGGGTCTACCTGGACCCCCAGACGGGCGAgGTGCTCAACCCGGGTCTCCCCCAGCATGCCGAGGAA 
GAAGCAGGAGCCGCTAGTGGAGGAGATGGAAGAAGAATGGGACAGCCAGGCAGAGGAGGACGAATGGGAG 
GAGGAGACAGAGGAGGAAGAAT'TGGAAGAGGTGGAAGAGGAGCAGGCAACAGAGCAGCCCGTCGCCGCAC 
CATCCGCGCCGGCAGCCCCGCCGGTCACGGATACAACCTCCGCTCCGGTCAAGCCTCCTCGTAGATGGGA 
TCaAGTGAAGGGTGACGGTAAGCACGAGCGGCAGGGCTACCGATCATGGAGGGCCCACAAAGCCGCGATC 
ATCGCCTGCTTGCAAGACTGCGGGGGGAACATCGCTITCGCCCGCCGCTACCTGCTCTICCACCGCGGGG 
Tg9AACATCCCCCGCAACGTGTITGCATTACTACCGTCACCTTCACAGCTI AAGAAAAAGCAAGT cAAAGGAG 
TCGCCGGAGGAGGAGgagGaggCCTGAGGATCGCGGCGAACGAGCCCTTGACCACCAGGGAGCTGAGGAA 
CCGGATCTITCCCCACTCTTTATGCCATTTTTCAGCAGAGTCGAGGTCAGCAGCAAGAGCTCAAAGTAAAA 
AACCGGTICTCTGCGCTCGCTCACCCGCAGTTIGCTITGTACCACAAAAACGAAGATCAGCTGCAGCGCACTC 
TCGAAGACGCCGAGGCTCTGTITCCACAAGTACTGCGCGCTCACTCTTAAAGACT AAGGCGCGCCCACCCG 
GAAAAAAGGCGGGAAT TACCTCATCGCCACCATGAGCAAGGAGATTCCCACCCCTTACATGTGGAGCTAT 
CAGCCCCAAATGGGCCTGGCCGCGGGCGCCTCCCAGGACT ACTCCACCCGCATGAACTGGCTCAGTGCCG 
GCCCCTCGATGATCTCACGGGTCAACGGGGTCCGCAGTCATCGAAACCAGATATTIGTTGGAGCAGGCGGC 
GGTCACCTCCACGCCCAGGGCAAAGCTCAACCCGCGTAAT TGGCCCTCCACCCTGGTGTATCAGGAAATC 
CCCGGGCCGACTACCGTACTACTTCCGCGTGACGCACTGGCCGAAGTCCGCATGACTAACTCAGGTGTCC 
AGCTIGGCCGGCGGCGCTTCCCGGTGCCCGCTCCGCCCACAATCGGGTATAAAAACCCTGGIGATCCGAGG 
CAGAGGCACACAGCTCAACGACGAGTTGGTGAGCTCTTCGATCGGTCTGCGACCGGACGGAGTGTTICCAA 
CTAGCCGGAGCCGGGAGATCCTCCTTCACTCCCAACCAGGCCTACCTGACCTTGCAGAGCAGCTCTICGG 
AGCCTCGCTCCGGAGGCATCGGAACCCTCCAGTTTGTGGAGGAGTTTGIGCCCTCGGTCTACTITCAACCC 
CTTCTCGGGATCGCCAGGCCTCTACCCGGACGAGTTCATACCGAACTTCGACGCAGTGAGAGAAGCGGIG 
GACGGCTACGACTGAATGTCCCATGGTGACTCGGCTGAGCTCGCTCGGTTGAGGCATCTGGACCACTGCC 
GCCGCCTGCGCTGCTTCGCCCGGGAGAGCTGCGGACTCATCTACTTTGAGTTITCCCGAGGAGCACCCCAA 
CGGCCCTGCACACGGAGTGCGGATCACCGT AGAGGGCACCACCGAGTCTCACCTGGTCAGGTTCTTCACC 
CAGCAACCCTTCCTGGTCGAGCGGGACCGGGGCGCCACCACCTACACCGTCTACTGCATCTGTCCAACCC 
CGAAGTITGCATGAGAATTITIGTTGTACTCTTTGTGGTGAGTTTAATAAAAGCTAAACTCTTGCAATACT 
CTGGACCTTGTCGTCGTCAACTCAACGAGACCGTCTACCTCACCAACCAGACTGAGGTAAAACTCACCTG 
CAGACCACACAAGACCTATATCATCTGGTTCTTCGAGAACACCTCATT TGCAGTCTCCAACACTCACTGC 
ActagtccATGAACTGATGTTGATTAAAAGCCCAAAAACCAATCAGCCCCTTCCCCCATTTCCCCATCCC 
CCAATTACTCATAAAAAATAAATCAT TGGAATTAATCATTCAATAAAGATCACTTACTTGAAATCTGAAA 
GTATGTCTCTGGTGTAGTTGTTCAGCAGCACCTCGGTACCCTCCTCCCAGCTCTGGTACTCCAGTCCCCG 
GCGGGCGGCGAACTTCCTCCACACCTTGAAAGGGATGTCAAATTCCTGGTCCACAATTTTCATTGTCTIC 
CCTCTCAGATGGCAAAGAGGCTCCGGGTGGAAGATGACTTCAACCCCGTCTACCCCTATGGCTACGCGCG 
GAATCAGAATATCCCCTTCCTCACTCCCCCCTTTGTCTCCTCCGATGGAT TCAAAAACTTCCCCCCTGGG 
GTCCTGTCACTTAAACTGGCTGATCCAATCACCATCAACAATGGGGATGTCTCACT TAAGGTGGGAGGGG 
GACTIGCTGTAGAGCAACAGACTGGTAACCTAAGCGTAAACCCTGATGCACCCTTGCAAGTTIGCAAGTGA 
TAAGCTACAGCTTGCTCTGGCTCCTCCATITCGAGGTICAGAGATGGAAAGCTTGCTITTAAAGGCAGGTAAT 
GGATIAAAAGTACTAGATAATTCCATIACTGGATTGACTGGATTATTGAATACACTTIGTGGTATTAACTIG 
GAAGGGGAAT AGGAACGGAGGAATTAAAAAATGACGATGGTGTAACAAACAAAGGAGTCGGCTIGCGTGT 
AAGACT'IGGAGATGACGGCGGGCTGACATTIGATAAAAAGGGTGATITAGTAGCCTIGGAATAAAAAAGAT 
GACAGGCGCACCCTGTGGACAACCCCTGACACATCTCCAAATTGCAAAATGAGTI ACAGAAAAGGATTCTA 
AACT'TACGTTGACACTTACAAAGTGTGGAAGTCAGGTITCITGGGAAATGTATCITTACTIGCAGTIACAGG 
TGAATATCATCAAATGACTGCTACTACAAAGAAGGATGTIAAAAATATCTITTACTATITGATGAGAATGGA 
ATICTATTACCATCTICGICCCTTAGCAAAGATTIATTGGAAT TACAGAAGTGATGATTCTATIGTATCIC 
AAAAATATAATAATGCAGTITCCATICATGCCAAACCTGACAGCT'TATCCAAAACCAAGCGCTICAAAATGC 
AAAAAACTATTCAAGAACTAAAATCATAAGTAATGTCTACTTAGGTGCTCTTACCTACCAACCTGTIAATT 
ATCACTATIGCATTTAATCAGGAAACTGAAAATGGATGTGCTTATITCTATAACATI'TACCTICACTTGGC 
AAAAAGACTATICTGCCCAACAGTITGATGITACATCTTITTACCTICTCATATCTIACCCAAGAGAACAA 
AGACAAAGACTAATAAAATGTITTGAACTGAATTITATGAATCTITATTTATITTTACACCAGCACGGGTA 
GTCAGTTTCCCACCACCAGCCCATTTcacagtgtaaacAGTCCTTTCTCCCCGGCTGGCCTTAAAAAGCA 
TCATATCATGGGTAACAGACATATTCITAGGTIGTTATATTCCACACGGTTICCTGTCGAGCCAAACGCTIC 
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ATCAGTIGATATIAATAAACTCCCCGGGCAGCTCACTTAAGTITCATGICGCTGICCAGCTGCIGAGCCACA 
GGCTGCTGTCCAACTTGCGGTTGCTI AACGGGCGGCGAAGGAGAAGTCCACGCCTACATGGGGGTAGAGT 
CATAATCGTGCATCAGGATAGGGCGGTIGGTGCTGCAGCAGCGCGCGAATAAACTGCTGCCGCCGCCGCTC 
CGTCCTGCAGGAATACAACATGGCAGTGGTCTCCTCAGCGATGATTCGCACCGCCCGCAGCATAAGGCGC 
CTTGICCTCCGGGCACAGCAGCGCACCCTGATCTCACTITAAATCAGCACAGT AACTGCAGCACAGCACCA 
CAATATTGTTCAAAATCCCACAGT GCAAGGCGCTGTATCCAAAGCTCATGGCGGGGACCACAGAACCCAC 
GTGGCCATCATACCACAAGCGCAGGTAGATTAAGTGGCGACCCCTCATAAACACGCTGGACATAAACATT 
ACCTCTITITGGCATGTTGTAATTCACCACCTCCCGGTACCATATAAACCTCTGATIAAACATGGCGCCAT 
CCACCACCATCCTAAACCAGCTGGCCAAAACCTGCCCGCCGGCTATACACTGCAGGGAACCGGGACTGGA 
ACAATGACAGTGGAGAGCCCAGGACTCGTAACCATGGATCATCATGCTCGTCATGATATCAATGTTGGCA 
CAACACAGGCACACGTGCATACACTICCTCAGGATTI ACAAGCTCCTCCCGCGTTAGAACCATATCCCAGG 
GAACAACCCATTCCTGAATCAGCGTAAATCCCACACTGCAGGGAAGACCTCGCACGTAACTCACGTTIGTIG 
CATIGTCAAAGTGTITACATTCGGGCAGCAGCGGATGATCCTCCAGTATGGTAGCGCGGGTTTCTGICTCA 
AAAGGAGGTAGACGATCCCTACTGTACGGAGTGCGCCGAGACAACCGAGATCGTGTTGGTCGTAGTGTICA 
TGCCAAATGGAACGCCGGACGTAGTCATTGAAATGGATICTCTTGCGTACCTTGTCGTACTTCTGCCAGC 
AGAAAGTGGCTCGGGAACAGCAGATACCTTICCTCCTGCTGTCCTITCCGCTGCTGACGCTCAGTCATCCA 
ACTGAAGT ACAGCCATTCCCGCAGGTTCTCCAGCAGCTCCTGTIGCATCTIGATGAAACAAAAGICCCGTCG 
ATGCGGATTCCCCTTAAAACATCAGCCAGGACATTGTAGGCCATCCCAATCCAGTITAATGCATCCTGATC 
TATCATGAAGAGGAGGTGGGGGAAGAACTGGAAGAACCATTTTTATTCCAAGCGGTCTCGAAGGACGATA 
AAGIGCAAGTCACGCAGGTGACAGCGTTCCCCGCCGCTGTGCTGGTGGAAACAGACAGCCAGGTCAAAAC 
CCACTCTATTITCAAGGTGCTCGACTGTGGCTTCGAGCAGTGGCTCTACGCGTACATCCAGCATAAGAAT 
CACATTAAAGGCTGGACCTCCATCGATTTCATCAATCATCAGGTTACACTCATTICACCATCCCCAGGTAA 
TTCTCATTITTTCCAGCCTTGGATTATTTCTACAAATTGTTGGTGTAAGTCCACTCCGCACATGTIGGAAAA 
GT TCCCACAGCGCCCCCTCCACTTTCATAATCAGGCAGACCTTCATAT TAGAAACAGATCCTGCTGCTCC 
ACCACCTGCAGCGTIGT'TCAAAACAACAAGATTICAATGAGGTTICTGCCCTCTGCCCTCAGCTCACGTCTCA 
GCGTCAGCTGCAAAAAGTCACTCAAGTCCTCAGCCACT ACAGCTGACAAT TCAGAGCCAGGGCTAAGCGT 
GGGACTGGCAAGCGTGAGTGAGTACTTTAATGCTCCAAAGCT AGCACCCAAAAACTGCATGCTGGAATAA 
GCTCTCTTTGTGTCACCGGTGATGCCTTCCAATAGGTGAGTGATAAAGCGAGGTAGTTITTTCTITAATCA 
TTIGAGTAATAGAAAAGTCCTCTAAATAAGTCACTAGGACCCCAGGAACCACAATGTGGTAGCTGACAGC 
GTGTCGCTCAAGCATGGTTAGTAGAGATGAGAGTCTGAAAAACAGAAAGCATGCACTAAACCAGAGTTGC 
CAGTCTCACTGAAGGAAAAATCACTCTCTCCAGCAGCAAAGTGCCCACTGGGTGGCCCTCTCGGACATAC 
AAAAATCGATCCGTGTGGTTAAAGAGCAGCACAGTTAGCTCCTGTICTTCTCCCAGCAAAGATCACATCGG 
ACTGGGTITAGTATGCCCCTGGAATGGTAGTCATTCAAGGCCATAAATCTGCCTTGGTAGCCATTAGGAAT 
CAGCACGCTCACTCTCAAGTGAACCAAAACCACCCCATGCGGAGGAATGTGGAAAGATTCTGGGCAAAAA 
AAGGTATATCTATIGCTAGTCCCTTCCTGGACGGGAGCAATCCCTCCAGGGCTATCTATGAAAGCATACA 
GAGATTCAGCCATAGCTCAGCCCGCTTACCAGTAGACAGAGAGCACAGCAGT ACAAGCGCCAACAGCAGC 
GACTGACTACCCACTGACCCAGCTCCCTATTI AAAGGCACCTTACACTGACGTAATGACCAAAGGICTAA 
AAACCCCGCCAAAAAAACACACACGCCCTGGGTGITTITCGCGAAAACACTTCCGCGTITCTCACTICCTC 
GTATCGATTITCGTGACTCAACTICCGGGTICCCACGTTACGTICACTTCTIGCCCTITACATGIAACTCAGCC 
GI AGGGCGCCATCTITGCCCACGTICCAAAATGGCTTCCATGTCCGGCCACGCCTCCGCGGCGACCGT'TAGC 
CGTGCGTCGTGACGTCATTIGCATCACCGTTICTCGTCCAATCAGCGTITGGCTCCGCCCCAAAACCGTTIA 
AAATTCAAAAGCTCATTTGCATATTAACTTTITGTITTACTTTGTIGGGGTATATTATTGATGATGatttaaa 
tatTATGCGGTGTIGAAAT ACCGCACAGATGCGTAAGGAGAAAAT ACCGCATCAGGCGCTCTTCCGCTTCC 
TCGCICACTGACTCGCTGCGCTCGGICGTTCGGCTGCGGCGAGCGGTATCAGCTICACTCAAAGGCGGTAA 
TACGGTTATCCACAGAATCAGGGGAT AACGCAGGAAAGAACATGIGAGCAAAAGGCCAGCAAAAGGCCAG 
GAACCGTAAAAAGGCCGCGTTGCTGGCGTITTITCCATAGGCICCGCCCCCCTGACGAGCATCACAAAAAT 
CGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGAT ACCAGGCGTTICCCCCTGGAAGCT 
CCCTCGTGCGCTCICCTGTICCGACCCTGCCGCTTACCGGATACCTGICCGCCTITCICCCTTCGGGAAG 
CGTGGCGCTTICTCATAGCTICACGCTIGTAGGTATCICAGTTCGGIGTAGGTICGTITCGCTCCAAGCTGGGC 
TGTGIGCACGAACCCCCCGT'TCAGCCCGACCGCTGCGCCTTATCCGGIAACTATCGTICTIGAGTICCAACC 
CGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATT AGCAGAGCGAGGTATGTAGG 
CGGIGCTACAGAGTITCTTGAAGTGGIGGCCTAACTACGGCTACACT AGAAGGACAGTATITGGTIATCTGC 


- 309 - 


10 


15 


20 


25 


30 


35 


WO 2021/155323 PCT/US2021/015946 


GCTCIGCTIGAAGCCAGTITACCTICGGAAAAAGAGTTIGGTAGCTCTTGATCCGGCAAACAAACCACCGCTG 
GTAGCGGTIGGITTITTIGTITTGCAAGCAGCAGAT TACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTIT 
GATCITTICTACGGGGICTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTIGGICATGAGATTIA 
TCAAAAAGGATCTTICACCTAGATCCTITTAAATTAAAAATGAAGTTTIAAATCAATCTAAAGTATATATG 
AGTAAACTIGGICTGACAGTTACCAATGCTITAATCAGTGAGGCACCTATCTCAGCGATCTGICTATTTCG 
TTICATCCATAGTTGCCTGACTCCCCGTICGTGTAGATAACT ACGATACGGGAGGGCTTACCATCTGGCCCC 
AGTGCTGCAATGAT ACCGCGAGACCCACGCTCACCGGCTCCAGATTI'TATCAGCAAT AAACCAGCCAGCCG 
GAAGGGCCGAGCGCAGAAGTGGTICCTGCAACTITATCCGCCTCCATCCAGTICTATTAATIGTIGCCGGGA 
AGCTAGAGTAAGTAGTTCGCCAGTTIAATAGTTTGCGCAACGTIGTIGCCATTIGCTGCAGGCATCGTGGTG 
TCACGCTCGTCGTITGGTATGGCTTCATTCAGCTCCGGTITCCCAACGATCAAGGCGAGTTACATGATCCC 
CCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGT'TGGCCGCAGT 
GTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTITTTCT 
GTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGG 
CGTCAACACGGGATAATACCGCGCCACATAGCAGAACTITAAAAGTGCTCATCATTGGAAAACGTICTIC 
GGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAAC 
TGATCTTCAGCATCTTTTACTTTCACCAGCGTTITCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAA 
AAAAGGGAAT AAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTICAATATTATIGAAGCAT 
TTATCAGGGTTATTGTCTCATGAGCGGATACATATTITGAATGTATTTAGAAAAATAAACAAATAGGGGTIT 
CCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATA 
AAAATAGGCGTATCACGAGGCCCTTTCGTICTTCAAGAATTgatttaaat 


> CMVdel134 including 2x TO; SEO ID NO: 219 
GTTGACATTGATTATTGACTAGTTATTAATAGTAATCAAT TACGGGGTCATTAGTTCATAGCCCATATAT 
GGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTIG 
ACGTCAATAATGACGTATGTICCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGT 
ATITTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGT 
CAAT GACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAG 
TACATCTACGTATTAGTCATCGCTATTACCATGGTIGATGCGGTTTTGGCAGTACATCAAT GGGCGTGGAT 
AGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATIGACGTICAATGGGAGTTTGTTTIGGCACCA 
AAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCAT TGACGCAAATGGGCGGTAGGCGIGTA 
CGGTGGGAGGTCTATATAAGCAGAGCTCTCCCTATCAGTGAT AGAGATCTCCCTATCAGTGATAGAGATC 
GTCGACGAGCTCGTITAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTITTTTGACCTCCATAG 
AAGACACCGGGACCGATCCAGCCTCCGCGGCCGGGAACGGTIGCATIGGAA 
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CLAIMS 


1. An isolated nucleic acid molecule comprising a nucleotide sequence that encodes a 2019- 
NCOV Spike (S) protein comprising the following modifications to the full-length amino acid 
sequence of SEQ ID NO: 29: 

a. stabilising mutations to proline at amino acids 986 and 987; and 

b. mutations to the furin cleavage site (SEQ ID NO: 90). 


2. The isolated nucleic acid molecule of claim 1 comprising a nucleotide sequence of SEQ ID 
NO: 211. 


3. The isolated nucleic acid molecule of claim 1 or 2 comprising a nucleotide sequence that 
encodes a 2019-NCOV Spike (S) protein comprising an amino acid sequence of SEQ ID NO: 
205. 


4. The isolated nucleic acid molecule of claim 1 comprising a nucleotide sequence that encodes 
a polypeptide having at least 85% sequence identity to an amino acid sequence of SEQ ID NO: 
51; 


5. The isolated nucleic acid molecule of claim 1 or 4 comprising a nucleotide sequence that 
encodes a polypeptide having at least 99% sequence identity to an amino acid sequence of 
SEQ ID NO: 51. 


6. The isolated nucleic acid molecule of claim 1 comprising a nucleotide sequence that encodes 
a polypeptide having at least 85% sequence identity to an amino acid sequence of SEQ ID NO: 
56. 


7. The isolated nucleic acid molecule of claim 4 or 5 comprising a nucleotide sequence having 


at least 85% sequence identity to SEQ ID NO: 143, or a complementary sequence thereof. 


8. The isolated nucleic acid molecule of claim 6 comprising a nucleotide sequence having at 


least 85% sequence identity to SEQ ID NO: 148, or a complementary sequence thereof. 


9. The isolated nucleic acid molecule of embodiment any one of claims 1-8 that encodes a 
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2019-NCOV Spike (S) protein comprising the following further modification to the full-length 
amino acid sequence of SEQ ID NO: 29: 


c. deletion of the signal sequence. 


10. The isolated nucleic acid molecule of any preceding claim, wherein the nucleic acid 
encoding the 2019-NCOV Spike (S) protein is operably linked to a cytomegalovirus (CMV) 


promoter, preferably the CMV immediate early promoter. 


11. The isolated nucleic acid molecule of any preceding claim, wherein the nucleic acid 
encoding the 2019-NCOV Spike (S) protein is operably linked to a cytomegalovirus (CMV) 


promoter comprising at least one tetracycline operator (TetO) motif. 


12. The isolated nucleic acid molecule according to claim 11, wherein the CMV promoter 


comprising at least one TetO motif comprises a nucleotide sequence of SEQ ID NO: 219. 


13. An isolated 2019-NCOV Spike (S) protein comprising the following modifications to the full- 
length amino acid sequence of SEQ ID NO: 29: 

a. stabilising mutations to proline at amino acids 986 and 987; and 

b. mutations to the furin cleavage site (SEQ ID NO: 90. 


14. The isolated 2019-NCOV Spike (S) protein of claim 13 comprising an amino acid sequence 
of SEQ ID NO: 205. 


15. The isolated 2019-NCOV Spike (S) protein of claim 13 comprising an amino acid sequence 


having at least 85% sequence identity to an amino acid sequence of SEQ ID NO: 51. 


16. The isolated 2019-NCOV Spike (S) protein of claim 13 or 15 comprising an amino acid 


sequence having at least 99% sequence identity to an amino acid sequence of SEQ ID NO: 51. 


17. The isolated 2019-NCOV Spike (S) protein of claim 13 comprising an amino acid sequence 


having at least 85% sequence identity to an amino acid sequence of SEQ ID NO: 56. 


18. The isolated 2019-NCOV Spike (S) protein of claim 13 comprising the following further 
modification to the full-length amino acid sequence of SEQ ID NO: 29: 
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c. deletion of the signal sequence. 


19. An isolated vector comprising one or more of the nucleic acid molecules of any one of claim 
1-12. 


20. The vector of claim 19, wherein the vector is replication-defective. 


21. The vector of claim 19 or 20, wherein the vector is an adenovirus of serotype 26. 


22. A composition comprising the nucleic acid molecule of any one of claims 1-12, the protein of 


any one of claims 13-18 or the vector of any one of claims 19-21. 


23. The composition of claim 22, further comprising a pharmaceutically acceptable carrier, 


excipient, or diluent. 


24. The composition of claim 22 or 23 for use as a vaccine. 


25. A composition of any one of claims 22-24 for use in active immunization for the prevention 
of coronavirus disease-2019 (COVID-19) in adults 18 years of age and older. 


26. A method of active immunization to prevent coronavirus disease 2019 (COVID-19) caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) in individuals 18 years of 

age and older, comprising administering to the subject a composition of any one of claims 22- 

25. 


27. The method of claim 26, comprising administering the composition of any one of 


embodiments 22-25 in a one dose regimen. 


28. The method of claim 26, comprising administering the composition of any one of claims 22- 


25 in a two dose regimen, wherein the doses are administered about 1, 2, or 3 months apart. 


29. The method of any one of claims 26-28, wherein the composition is administered at a dose 


of 5x1010 vp per dose. 
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30. A method of manufacturing an immunogenic composition for preventing coronavirus disease 
2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) in 
individuals 18 years of age and older, said method comprising the steps of: 

(a) admixing at least one of the nucleic acid molecule of any one of claims 1-12, the 
protein of any one of claims 13-18, the vector of any one of claims 19-21, the composition of 
any one of claims 22-25 with a pharmaceutically acceptable carrier, excipient, or diluent to form 
the immunogenic composition; and 


(b) placing the immunogenic composition in a container. 


31. A kit comprising: 

(a) a first container comprising at least one of the nucleic acid molecule of any one of 
claims 1-12, the protein of any one of claims 13-18, the vector of any one of claims 16-21, the 
composition of any one of claims 22-25; 

(b) instructions for use thereof; and optionally 

(c) a second container comprising a pharmaceutically acceptable carrier, excipient, or 
diluent. 


32. A method for making a vaccine against COVID-19 to prevent coronavirus disease 2019 
(COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) in 
individuals 18 years of age and older, comprising providing a recombinant human adenovirus of 
serotype 26 that comprises nucleic acid encoding a SARS-Cov-2 S protein or fragment thereof, 
propagating said recombinant adenovirus in a culture of host cells, isolating and purifying the 
recombinant adenovirus, and formulating the recombinant adenovirus in a pharmaceutically 


acceptable composition. 
33. An isolated recombinant nucleic acid that forms the genome of a recombinant human 


adenovirus of serotype 26 that comprises nucleic acid encoding a SARS-Cov-2 S protein or 


fragment thereof. 
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c) 1-dose, lung LRT histopathology 
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A) LUNG VL vs ELISA 
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c) Logistic regression lung VL vs wtVNA and ELISA in Ad26.COV2.S 
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because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 


Box No.Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 


This International Searching Authority found multiple inventions in this international application, as follows: 
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive 
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid. 


Continued on Supplemental Page 


As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 


As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of 
additional fees. 


As only some ofthe required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 


L] No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted 
to the invention first mentioned in the claims; it is covered by claims Nos.: 


Remark on Protest DS The additional search fees were accompanied by the applicant's protest and, where applicable, the 
payment of a protest fee. 


[] The additional search fees were accompanied by the applicant's protest but the applicable protest 
fee was not paid within the time limit specified in the invitation. 


No protest accompanied the payment of additional search fees. 


Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019) 
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Continued from Box No. Ili Observations where unity of invention is lacking 


Groups I+: Claims 1-6, 8, 13-18, drawn to an isolated nucleic acid molecule comprising a nucleotide sequence that encodes a 2019- 
NCOV Spike (S) protein comprising mutations. The composition will be searched to the extent that the mutant spike protein 
encompasses SEQ ID NO: 211 (nucleic acid) and 205 (amino acid). It is believed that claims 1-3, 13-14, 18 encompass this first named 
invention, and thus these claims will be searched without fee to the extent that they encompass SEQ ID NOs: 211 and 205. Additional 
mutant spike protein(s) will be searched upon the payment of additiona! fees. Applicants must specify the claims that encompass any 
additionalily elected mutant spike protein(s). Applicants must further indicate, if applicable, the claims which encompass the first named 
invention, if different than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to 
be applied to the "+" group(s) will result in only the first claimed invention to be searched. An exemplary election would be a mutant 
spike protein encompassing SEQ ID NO: 56 (amino acid) and 148 (nucleic acid) (Claims 1, 6, 8, 13, 17, 18). 


Group Ii: Claims 32-33, drawn to a method of making a vaccine comprising a recombinant human adenovirus of serotype 26 that 
comprises nucleic acid encoding a SARS-Cov-2 S protein, and a composition thereof. 


The inventions listed as Groups 1+ and Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT 
Rule 13.2, they lack the same or corresponding special technical! features for the following reasons: 


Groups !+ include the special technical feature of a mutant spike protein, not required by Group i. 
Group Îl includes the special technical feature of a recombinant human adenovirus of serotype 26, not required by Groups 1+. 


No technical features are shared between the amino acid sequences of Groups |+ and, accordingly, these groups lack unity a priori. 


Additionally, even if Groups 1+ and Ii were considered to share the technica! features of including: COVID-19 spike protein, these shared 
technical features are previously disclosed by WO 2018/081318 A1 to the United States of America, as Represented by the Secretary, 
Department of Health and Human Services et al. (hereinafter 'HHS') and "Genomic characterization of the 2019 novel human- 
pathogenic coronavirus isolated from a patient with atypical pneumonia after visiting Wuhan" by Chan et al. (hereinafter 'Chan') 
(Emerging Microbes & Infections 9:1, 221-236) (Published online: 28 January 2020) 


HHS discloses (instant claim 1) an isolated nucleic acid molecule comprising a nucleotide sequence that encodes a COV Spike (S) 
protein (abstract - "Coronavirus S ectodomain trimers stabilized in a prefusion conformation, nucleic acid molecules and vectors 
encoding these proteins, and methods of their use and production are disclosed."; pg 6, In 22-23 - "This disclosure provides CoV Spike 
glycoprotein (S) ectodomain trimers that are stabilized in the prefusion conformation and which are shown to elicit a neutralizing immune 
response in animal models.”) comprising the following modifications to the full-length amino acid sequence: 

a. stabilizing mutations (pg 20, In 35 - pg 21, in 2 - “In some embodiments, the recombinant MERS-Cov S ectodomain trimer stabilized 
in the prefusion conformation by the one or more proline substitutions (such as V1060P and L1061P substitutions) further comprises an 
additional proline substitution to stabilize the S ectodomain the prefusion conformation, such as one of: K801P; V802P; T803P; V804P; 
S919P; A920P; A968P; A969P; I970P; F972P; A973P; T1014P; N1042P; T1043P; F1044P; G1045P; A1046P; 11047P; or A1049P."); 
and 

b. mutations to the furin cleavage site (pg 20, In 3-9 - "In some embodiments, the recombinant MERS-Cov S ectodomain trimer 
stabilized in the prefusion conformation comprises protomers of single-chain S ectodomains comprising mutations to the S1/S2 and/or 
S2' protease cleavage sites to prevent protease cleavage at these sites. Non-limiting examples of such mutations include 748-RSVR- 
751 (residues 748-751 of SEQ ID NO: 1) to 748-ASVG-751 (residues 748- 751 of SEQ ID NO: 3) substitutions to inhibit cleavage at the 
S1/S2 cleavage site, and 884-RSAR-887 (residues 884-887 of SEQ ID NO: 1) to 884-GSAG-887 (residues 884-887 of SEQ ID NO: 3) 
substitutions to inhibit cleavage at the S2' site."; pg 3, In 27-33 - "FiGs. 2A-2D illustrate the architecture of the HKUI-CoV S1 subunit. ... 
(2D) SD-2 is composed of S1 sequence C-terminal to the CTD, a short peptide following the NTD, and the N-terminal strand of S2, 
which follows the S1/S2 furin-cleavage site"). 


HHS does not specifically teach COVID-19 spike protein. Chan discloses a spike protein of 2019-NCoV (pg 224, col 2, para 1 - "The 
2019- nCov genome is arranged in the order of 5'-replicase (orf1/ab)-structural proteins [Spike (S)-Envelope (E)- Membrane (M)- 
Nucleocapsid (N)]-3' and lacks the hemagglutinin-esterase gene which is characteristically found in lineage A beta-CoVs (Figure 1).") 
and sequence comparison with other coronaviruses (Figure 2 - "Comparison of protein sequences of Spike stalk S2 subunit. Multiple 
alignment of Spike S2 amino acid sequences of 2019- nCoV HKU-SZ-005b (accession number MN875262), bat SARS-like coronavirus 
isolates bat-SL-CoVzXC21 and bat-SL-CoVvZXC45 (accession number MG772934.1 and MG772933.1, respectively) and human SARS 
coronavirus (accession number NC004718) was performed and displayed using CLUSTAL 2.1 and BOXSHADE 3.21 respectively."). 
Since HHS discloses modifying coronavirus, such as SARS-CoV, spike protein for creating an immunogen, and Chan discloses a spike 
protein from novel coronavirus 2019 and alignment and similarity to other coronaviruses, including SARS-CoV, it would have been 
obvious to one of ordinary skill in the art to modify the immunogen, as disclosed by HHS, to include or instead modify 2019-NCov at 
similar positions determined through sequence alignment, since this would afford any potential stabilization of the spike protein of the 
SARS-CoV-2 in the prefusion conformation, thereby enabling its use, or any improvement when used, as an immunogen for vaccination 
against coronavirus infection. | 


As said technical features were known in the art at the time of the invention, these cannot be considered special technical features that 
would otherwise unify the groups. 


Groups 1+ and II therefore iack unity under PCT Rule 13 because they do not share a same or corresponding special technica! feature. 


ltem 4 (continued): 
Claims 7, 9-12, 19-31 are heid unsearchable because they are dependent claims and are not drafted in accordance with the second and 
third sentences of Rule 6.4(a). 
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